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EDITOR’S OUTLOOK 


T HAS become the fashion of late years to adopt a rather tough- 
minded attitude in the formulation or critical evaluation of educa- 
tional objectives. All things considered, a trend in this general direction 
. was undoubtedly a wholesome development. Too often 

Old Tune: : : ; 

had high-sounding but empty oratory been substituted for 
New Words : 
a well-considered statement of purpose; too often could 
young teaching candidates (and older and more experienced pedagogs, 
too, for that matter) parrot memory gems from the more inspirational 
and aspirational writings of the educational literati, without in the least 
associating them in any concrete manner with the plans for tomorrow’s 
lessons or the syllabus for any course as a whole. It is well that the 
searchlight of realistic criticism has been set to stabbing into the murk 
of hazy ideas and delicately perfumed mental vapors which hung about 
the subject of educational objectives. 

An elegant and highly effective technic of debunkery has been de- 
veloped in this field as it has in others. However, debunking has one 
unfortunate characteristic in common with wholesale fumigation; it 
sometimes destroys innocent and beneficial organisms along with vermin. 
There is almost no statement, idea, or attitude, however worthy, that can- 
not be made to appear ridiculous, superficially at least, by a skilful 
satirist. When all other lines of attack seem unpromising, one can still 
speak sneeringly of obvious truisms and windy platitudes. 

The present trend among some of our more vocal and voluble educators 
is not at all an isolated phenomenon. It is in a large measure but one 
special manifestation of the general philosophy and temper of the times. 
Many of us have newly discovered that, despite its disreputable label, 
destructive criticism has its legitimate uses; that it may be quite as 
necessary and as salutary to say that one thing is bad as that another is 
good. Millions more, while suppressing a persistent suspicion that 
iconoclasm is mildly naughty, or at least not quite nice, are carried away 
by the realization that it can be, nevertheless, a lot of fun. There is also 
another influence abroad in the land: perhaps the two are not altogether 
independent, but in some measure at least merely different aspects of a 
common phenomenon. There is a present mania for science and for all 
things scientific. Advertisements have broken out in a rash of ‘‘sci- 
entific facts,’’ of references to ‘‘our laboratories’”’; even of testimonials 
from ‘‘scientists’’. 

Now the average man, particularly if he has not been rigorously 
trained in one of the so-called exact sciences, cherishes two illusions about 
science. He imagines that science, like its once esteemed but now en- 
feebled and somewhat discredited parent, philosophy, takes the universe 
and all therein for its province. He likewise imagines that the very 
essence and soul of science is exactitude. He reasons, therefore, that 
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there is no question, however baffling, to which there is not to be found an 
exact answer when science gets around to attacking the problem and de- 
vising a suitable technic for its solution. Many educators seem to have 
been infected by these imaginings. 

The educational experimenter is quite right in confining his investiga- 
tions to quantities and qualities which he can define objectively and 
rather rigidly and for which he can devise quantitative technics of 
measurement. It is only when he labels all things with which his tech- 
nics are incapable of dealing as mere figments of the imagination that we 
are justified in taking issue with him. 

The clinical research worker is, or should be, a scientist, and he has a 
right to expect that the practicing physician will make use of the facts 
and services which he can offer. He never attempts to insist that the 
general practitioner shall confine himself exclusively, however, to a 
rigorous application of such knowledge as is to be found in the clinical 
laboratory. Though the store of scientific knowledge available has in- 
creased stupendously in the past three generations, and though it will 
undoubtedly increase still more, the actual practice of medicine still 
partakes largely of the nature of an art. If this be true in dealing with 
men’s bodies, how much more forcefully must it apply in dealing with 
whatever intangibles may be involved when we seek to educate them. 

The modern educator is quite right, when he says that some of the prac- 
ticing teacher’s stated objectives represent abstractions which he can 
neither define nor measure, but it does not necessarily follow that the 
potentialities of education are subject to the precise limits which circum- 
scribe the psychological laboratory. There may, after all, be abstract 
values to be attained through education. In fact, the germ of truth in 
the epigram that says that education is what remains after one has for- 
gotten all he was taught in school lies in the recognition of this fact. 

It is not our desire to antagonize educational research workers nor to 
discredit educational research. Already we owe much to the experi- 
menters. Nevertheless, it does not necessarily follow that we must or 
should limit our efforts to striving after the few things that they can now 
weigh or measure. Some of our more abstract objectives may be will- 
o’-the-wisps; on the other hand, they may be real and desirable goals 
which are not to be attained without conscious effort. 
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THE DISCOVERY OF THE ELEMENTS: FOREWORD 


Mary E.LvirA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


The material blessings that man enjoys today have resulted largely from his 
ever-increasing knowledge of about ninety simple substances, the chemical 
elements, most of which were entirely unknown to ancient civilizations. In the 
luxurious therme of the Roman patrician, with all their lavish display of 
alabaster floors, porphyry walls, marble stairs, and mosaic ceilings, no nickel- 
plated or chromium fixtures were to be seen; among his artistic golden bowls 
and goblets no platinum or tantalum objects were ever to be found; with all his 
spoils of war he could not buy the smallest aluminum trinket. 

Even the haughtiest Roman conqueror was earthbound, for he knew no light 
metal like aluminum or beryllium and no light gas like hydrogen or helium 
to make lofty flight possible. Without a lantern in his hand, he could not walk 
along the splendid lava pavements of the city streets at night, for the white 
glow of the tungsten filament and the crimson glow of the neon tube were lacking. 
The water that came to him from mountain springs, lakes, and rivers through 
miles of magnificent aqueducts was a menace to health, for there was no chlo- 
rine with which to kill the bacteria. When accident befell him, there was no 
iodine for the healing of the wound; when he lay gasping for breath, no cylinder 
of oxygen to save him. 

The story of the disclosure, one by one, of the chemical elements has never 
been told as a connected narrative. The reports of these discoveries and the 
life stories of the discoverers are recorded for the most part in old chemical 
journals, biographical dictionaries, old letters, and obsolete textbooks that 
are seldom read by the busy modern chemist. It is hoped, therefore, that 
these chapters may not only render tribute to the honored men and women who 
helped to reveal the hidden chemical elements, but that they may also serve to 
acquaint chemists and others with these great achievements. 

The task of selecting and eliminating material has been pleasant but difficult. 
It has frequently happened that two or more men have discovered the same 
element independently. In other instances various observers have recognized the 
existence of a new element long before it was actually isolated. In such cases 
an attempt has been made to relate all important steps in the discovery as fairly 
and completely as possible without ascribing the honor of discovery to any one 


person. 


It is a pleasure to acknowledge the kind assistance given by Dr. E. H. S. 
Bailey and Dr. Selma Gottlieb, who have read portions of the manuscript, 
and by Dr. F. B. Dains, who has made many helpful suggestions as to sources 
of material and has furnished most of the illustrations. 











THE DISCOVERY OF THE ELEMENTS. I. ELEMENTS KNOWN 
TO THE ANCIENT WORLD* 


Mary Etvira WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


Although the ancient conception of an element was quite different from the 
modern one, a few of the substances now recognized as chemical elements have 
been known and used since the dawn of history. Although no one knows 
who discovered these ancient ‘‘building-stones of the universe,” the writings of 
Pliny the Elder and Dioscorides and the Hebrew and Hindu Scriptures abound 
in interesting allusions to the metals, gold, silver, copper, iron, lead, tin, and 
mercury, and the non-metals, sulfur and carbon. 


“Die Welt der chemischen Vorgdange gleicht einer 
Buhne, auf welcher sich in unablassiger Aufeinander- 
folge Scene um Scene abspielt. Die handelnden Per- 
sonen auf thr sind die Elemente.”’ (1). 


The chemical elements, those primeval building materials from which 
Nature has constructed all her varied forms, have been discovered, one by 





From Delbrueck’s “‘Antike Portrats” 
Heracuitus, 540-475 B.C. 


Ascetic Greek philosopher and founder of metaphysics. He believed fire to be the 
primary. substance, and that change is the only actuality in Nature. 


one, through the ages, by patient searchers in many lands. The ancient 

Greek philosophers, Thales, Xenophanes, and Heraclitus, believed that 

all substances were composed of a single element, but they did not agree as 
* Illustrations by F. B. Dains, The University of Kansas, Lawrence, Kansas. 
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to its nature. Thales thought that water was the element which, upon 
evaporating and condensing, produced all substances. Heraclitus, how- 
ever, believed that fire was the one fundamental building material. 

The conception of four simple substances (earth, air, water, and fire) 
had its origin in the mind of Empedocles about four hundred and forty 
years before the birth of Christ, and held sway for many centuries. Every 
one knows today that neither earth nor air, water nor fire is an element. 
Earth is the most complex of all, for it can be separated into many chemical 
compounds, whose natures vary according to the locality from which the 
soil has been taken. From air can be obtained a number of simple gases, 
among them nitrogen, oxygen, and argon. Water, also, can be easily 
decomposed into the two gaseous ele- 
ments, oxygen and hydrogen; and fire, 
far from being an element, consists of 
the incandescent gases or glowing 
embers of the fuel which is being 
burned. Simple as these facts may 
seem to the modern mind, the world’s 
best intellects once debated them and 
established them. 

The story of the ‘defunct elements,” 
those short-lived “elements” which 
were later found to be complex, is 
most interesting, but the present nar- 
rative will be confined to the simple 
substances now recognized by chemists. 
The curious false elements, consider- PLINY THE ELpgEr, 23-79 A.D. 
ably more than a hundred in number, ee naar goth Po 
have been described in a fascinating which he discussed the astronomy, 
article by the late Charles Baskerville 8¢0logy, zoology, botany, agriculture, 
(2). mineralogy, and medicine of his time. 

The chemical elements which were undoubtedly known to the ancient 
world are the metals: gold, silver, copper, iron, lead, tin, and mercury, and 
the non-metals: sulfur and carbon. The ancient Jews, as one learns from 
the Old Testament, were certainly acquainted with the first four of these 
metals, and probably with the first six. The ancient Hindus used them 
also, for Sir Praphulla Chandra Ray quotes from the Charaka: ‘‘Gold 
and the five metals..... silver, copper, lead, tin, and iron” (3). 


Ancient Metals 


Gold ornaments have been found in Egyptian tombs of the prehistoric 
stone age, and the Egyptian goldsmiths of the earliest dynasties were 
skilful artisans. The metal was used as a medium of exchange in the days 
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of Abraham, and is mentioned in Exodus, Deuteronomy, the First Book of 
Kings, Job, the Psalms, the Proverbs, Isaiah, Lamentations, Haggai, and 
Zachariah (4). Pliny the (Elder A.D. 23-79) said that grains of gold were 
found in the stream-beds of the Tagus in Spain, the Po in Italy, the Hebrus 
in Thracia, the Pactolus in Asia, and the Ganges in India (5). In the second 
century before Christ, a cupellation process was used for refining the metal, 
and in Pliny’s time the mercury process was well known (6). 

Silver, since it rarely occurs uncombined, did not come into use as early 
as did gold. In Egypt between the thirteenth and fifteenth centuries before 
Christ, it was rarer, and hence more costly, than gold. It must have been 
used as a medium of exchange long before it was coined, for it is related in 
Genesis that when Abraham putchased a burial place for Sarah he weighed 
out the silver in the presence of witnesses (7). Jagnaux states that when 
the Phoenicians made their first voyage to Spain they found more silver 
than their ships could carry, and that, for this reason, they weighted their 
wooden anchors with silver instead of lead (8). When the Spaniards 
conquered Peru they found many silver utensils that had been made by 
the ancient inhabitants (9). 

Copper, in the opinion of Berthelot, has been mined for at least five 
thousand years. He found by analysis that the most ancient Egyptian 
articles were made of pure copper rather than of its alloys (10), (27). 
“Two vessels of fine copper, precious as gold” were mentioned by the 
prophet Ezra (11). This metal is found in the free state in Egypt, the 
Lake Superior region of North America, and in many other parts of the 
world, and can be obtained from malachite ore by a simple process. 

Iron articles were probably made by the Egyptians twenty-five or 
thirty centuries before Christ, but because the metal is so readily corroded, 
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From Biringuccio’s “‘Pirotechnia’”’ 
MERcourY Sti1ts, 1540 


iron objects of great antiquity are much rarer than similar ones made of 
gold, silver, or copper (25). Smelting-furnaces for iron were used in ancient 
times, but the exact nature of the process is not known. The metal 
must have been in common use in Pliny’s day, for he wrote: 

It is by the aid of iron that we construct houses, cleave rocks, and 
perform so many other useful offices of life. But it is with iron also 
that wars, murders, and robberies are effected, and this, not only hand 
to hand, but from a distance even, by the aid of weapons and winged 
weapons, now launched from engines, now hurled by the human arm, 
and now furnished with feathery wings. This last I regard as the most 
criminal artifice that has been devised by the human mind; for, as if 
to bring death upon man with still greater rapidity, we have given 
wings to iron and taught it to fly. Let us, therefore, acquit Nature of 
a charge that belongs to man himself..... Nature, in conformity 
with her usual benevolence, has limited the power of iron by inflicting 
upon it the punishment of rust; and has thus displayed her usual 
foresight in rendering nothing in existence more perishable than the 
a which brings the greatest dangers upon perishable mortality 
Of all the ancient allusions to this metal, the Biblical ones are the most 

interesting. Who can forget Job’s eloquent words: “Oh, that my words 
were now written! Oh, that they were printedinabook! That they were 
graven with an iron pen..... ”’ (13). In Deuteronomy one may read with 
surprise of Og, that giant king of Bashan who slept in an iron bed six feet 
wide and thirteen and one-half feet long (4 X 9 cubits)! (14) 

Lead ores are widely distributed in Nature, and are easily smelted. 
The Babylonians engraved inscriptions on thin plates of metallic lead 
(10), and references to this metal are also found in Exodus, Numbers, and 
Jeremiah. The Romans used it extensively for water-pipes, writing-tab- 
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and lead poisoning was 
an all-too-frequent result. 
Although tin bronzes 
were made thirty cen- 
turies before Christ, it is 
not certain that metallic 
tin was known to the 
ancients. The prophet 
Ezekiel mentioned it in 
the following passage: 
“Tarshish was thy mer- 
chant by reason of the 
multitude of all kind of 
riches; with silver, iron, 
tin and lead, they traded 
in thy fairs’’ (15). In the first century of the present era, the Latins 
referred to tin as ‘“‘plumbum album’’ to distinguish it from lead, which 
they called ‘‘plumbum nigrum” (16). Pliny and Dioscorides mentioned 
the use of tin coatings to prevent corrosion of copper vessels (17). 
Mercury was known to the ancient Chinese and Hindus, and has been 
found in Egyptian tombs dating back to 1500 or 1600 B.C. (10). Dios- 
corides mentioned its preparation from cinnabar (18), while Pliny gave a 
method of purifying it by squeezing it through leather, and stated that it is 
poisonous (6). As this element played an important part in the practice of 
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alchemy, it was prepared on a large scale by roasting the ores in a special 
type of furnace. 


Ancient Non-Metals 


Since sulfur and carbon both occur uncombined in many parts of the 
world they must certainly have been known to all the ancient peoples. 
Pliny described the Italian and Sicilian deposits in great detail, mentioning 
the use of block sulfur for medicinal purposes, the bleaching of cloth with 
sulfur vapor, and the manufacture of sulfur matches (19). Georgius 
Agricola (26) stated that these matches could be ignited by friction on stone 
and used for lighting candles and dry wood. He also left no doubt as to 
his opinion of gunpowder 
when he said: “Sulfur is 
also made to enter into 
that powder—execrable 
invention—which hurls 
iron, brass, or stone instru- 
ments of war of a new 
kind” (20). 

It is difficult for the 
modern chemist to under- 
stand the early literature 
of sulfur, for the name was 
incorrectly used to desig- 
nate all combustible sub- 
stances. In the eighth 





Sangh cha believed From Bugge’s ‘‘Das Buch der grossen Chemiker” 
that the mae $ were com- Grorcrus AGRICOLA, 1494-1555 
pounds of sulfur and mer- German metallurgist. Author of “De Re Metal- 


cury; and hence these two ica,” a famous Latin treatise on mining and metal- 
lurgy, which has been translated into English by 
elements came to have President and Mrs. Herbert Hoover. 


great significance for the 
alchemists. Abu Mansur mentioned the use of the former as an antidote 


for various kinds of metallic poisoning, and Pseudo-Geber told how to 
prepare milk of sulfur by adding acid to alkaline sulfur solutions. 

Carbon in the forms of charcoal and soot must certainly have been known 
even to prehistoric races, and in Pliny’s time the former was made, much 
as it is today, by heating wood in a pyramid covered with clay to exclude 
the air (21). The diamond, that most precious of all forms of carbon, is 
mentioned in the Old Testament books of Exodus and Ezekiel (22); and 
the ancient Hindu scriptures, the Vedas, the Ramayana, and the Mahab- 
harata, make frequent mention of it. As early as 1704 Sir Isaac Newton 
stated in his ‘Optics’ that the diamond must be combustible, and in 1772 
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Lavoisier found this to be true (23). The -English chemist, Smithson 
Tennant, proved in 1797 that it consists solely of carbon (24). 
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THE DISCOVERY OF THE ELEMENTS. II. ELEMENTS KNOWN 
TO THE ALCHEMISTS* 


Mary ELvirrA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


The alchemists never succeeded in making gold from base metals, yet their 
experiments, recorded under a mystical and intentionally obscure terminology, 
gradually revealed metallic arsenic, antimony, and bismuth. Finally, in the 
latter part of the seventeenth century, the pale light of phosphorus began to 
illumine the dark secrets of alchemy and to disclose the steady advance of scien- 
tific chemistry. 


“Surely to alchemy this right 1s due, that 1t may be compared 
to the husbandman whereof Aesop makes the fable; that, when he 
died, told his sons that he had left unto them gold buried underground 
in his vineyard; and they digged over all the ground, and gold they 
found none; but by reason of their stirring and digging the mould 
about the roots of their vines, they had a great vintage the year follow- 
ing: so assuredly the search and stir to make gold hath brought 
to light a great number of good and fruitful inventions and 
experiments. . .”’ (1) 


The part played in ancient civilizations by gold, silver, copper, iron, 
lead, tin, mercury, carbon, and sulfur has already been shown. Certain 














SIXTEENTH-CENTURY CARTOON ON ALCHEMY 


other elements, although their lineage is not quite so ancient, have never- 
theless had a history that extends far back through the centuries. In this 
group may be mentioned arsenic, antimony, bismuth, and phosphorus; and, 
* Illustrations by F. B. Dains, The University of Kansas, Lawrence, Kansas. 
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ALBERTUS Macnus, 1193-1280 

German Dominican scholar and alchemist who in- 
terpreted Aristotle to the Latin races. Author of 
“De Mineralibus.”’ He also contributed to me- 
chanics, geography, and biology. 





strangely enough, these 
four simple substances 
have so many character- 
istics in common that 
they constitute one of 
the groups in the system 
of classification now uni- 
versally used by chemists. 
Their early history is so 
shrouded in uncertainty 
that only in the case of 
phosphorus is it possible 
to assign the honor of 
discovery definitely to 
any person. 


Arsenic 


Although the Greeks 
and Romans used a sub- 
stance which they called 
“arsenic,” this was not 
the metal itself. The so- 
called ‘“‘arsenic’’ of the 
ancients consisted of the 
poisonous sulfides, orpi- 
ment, and sandarac, 
mined with heavy loss of 
life. by slave labor (2). 
No one knows who first 
isolated the metal, but 
this honor is sometimes 
accredited to Albert the 
Great (Albertus Magnus, 
1193-1280), who ob- 
tained it by heating orpi- 
ment with soap (3). 
Paracelsus (15), the ec- 


centric and boastful medical alchemist of the sixteenth century, mentioned 
a process for obtaining metallic arsenic, ‘white like silver,’ by heating the 
so-called ‘‘arsenic’’ of the ancients with egg shells (18). Berthelot believed, 
however, that metallic arsenic was known much earlier than this, for it 
is easily reduced from its ores. Since it sublimes easily, and readily forms 
soft alloys with other metals, and since the arsenic sulfide, realgar, looks 
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very much like the corresponding mer- 
cury ore, cinnabar, the alchemists re- 
garded arsenic as a kind of quicksilver. 
The Pseudo-Democritus gave the fol- 
lowing method of reducing the ore: 
“Fix the mercury obtained from arsenic 
(sulfide) or from sandarac, throw it on 
to copper and iron treated with sulfur, 
and the metal will become white’’ (3), 
(17). 

In 1649 Schroeder published a phar- 
macopeia in which he gave two methods 
of obtaining metallic arsenic: (1) by 
decomposing orpiment, arsenious sul- 
fide, with lime and (2) by reducing 
arsenious oxide with charcoal. The — From Peters’ “Aus pharmaseutischer Vorseit 
metallic nature of this element was SEVENTEENTH-CENTURY ALCHEMISTIC 
thoroughly established through the re- SYMBOL FOR ARSENIC 
searches of J. F. Henckel (1725), Georg 
Brandt (1733), J. Brouall (1744), and Monnet (1774) (16). Brouall also 
observed that it, like sulfur, is present, in small amounts at least, in most 


ores (3). 





Antimony 


Antimony, like arsenic, was known to the ancients, but perhaps only 
in the form of its sulfide, which Oriental women of leisure used to use to 
darken and beautify their eyebrows (4). Berthelot’s belief that metallic 
antimony was known to the ancient Chaldeans was based on his analysis 
of a most unusual vase that had been brought to the Louvre from the 
ruins of Tello, and which he found to consist of pure metallic antimony, 
containing only a trace of 
iron (5), (19). He also 
quoted the following pas- 
sage from Dioscorides: 
“One roasts this ore (anti- 
monious sulfide) by plac- 
ing it on charcoal and 
heating to incandescence; 
if one continues the roast- 
ing, it changes into lead’ 


(5). Pliny issued the same 
From Peters’ “Aus pharmazeutischer Vorzeit in Bild und Wort’’ 


warning in his description 
SEVENTEENTH-CENTURY ALCHEMISTIC SYMBOL FOR ; i 
ANTIMONY of the preparation of anti- 
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mony medicinals, when he said: ‘‘But the main thing of all is to observe 
such a degree of nicety in heating it, as not to let it become lead’’ (4). 
Hence it is evident that the Romans, like the Chaldeans, knew how to ob- 
tain antimony; but, since they did not have adequate methods of distin- 
guishing between metals, they applied the indefinite term ‘‘lead’’ to all 
those that were soft, easily fusible, and black. 

Probably the earliest book about this metal is the curious ‘“‘Triumphal 
Chariot of Antimony’”’ by Basil Valentine, whom some of the early his- 
torians of chemistry regarded as the discoverer of the element. It is now 
known that Valentine was a mythical character evolved from the imagina- " 
tion of the real author, Johann 
Thélden of Hesse, a city councilor in 
Franckenharsen, Thuringia, who op- 
erated a salt-works there in the early 
part of the seventeenth century. He 
wrote a number of chemical books in 
German in a literary style resembling 
that of Paracelsus, and claimed that 
he had translated most of them from 
the original Latin manuscripts of a 
fifteenth-century Benedictine monk, 
Basilius Valentinus (6). The writ- 
ings of the alchemists abound in 
flowery references to antimony, for 
its compounds played a large part in 
the search for the elixir of life, or 
universal panacea. The first really 
scientifit treatise on the element was 
that of Nicolas Lémery (1645-1715), . 

; i aa . tet French chemist. Author of ‘Cours 
entitled ‘““Traité de l’antimoine, con- de Chimie,” one of the textbooks that 
tenant l’analyse chimique de ce Scheele studied, and of a treatise on 
minéral’”’ ( 9). antimony. 





Nicotas LEMERY, M.D., 1645-1715 


Bismuth 


The ancient peoples failed to distinguish bismuth from lead and tin. 
Early in the sixteenth century, Georgius Agricola wrote a famous treatise 
called ‘‘Bermannus,” in which he mentioned that bismuth was well known 
in Germany. In believing it to be a specific metal, different from all 
others, he was far in advance of his age, for the idea that bismuth was a 
kind of lead persisted even into the eighteenth century (7). The miners, 
in accordance with the prevalent beliefs that there were three kinds of 
lead (ordinary lead, tin, and bismuth), and that bismuth had progressed 
farthest in its transmutation into silver, called it “tectum argenti” or 
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“unfinished silver.” When they struck a vein of bismuth they said 
naively and sadly, ‘‘Alas, we have come too soon” (7). 

Even as late as 1713 the Proceedings of the French Academy contained 
the statement that bismuth is composed of a mineral, crude sulfur, mercury, 
arsenic, and earth; and the pharmacopeias of that time contained recipes 
for making it (7). Lémery, for example, described the following method 
which he said was used in the English tin mines: ‘“The workmen,”’ said he, 
“mix this tin with equal parts of tartar and saltpetre. This mixture they 
throw by degrees into crucibles made red hot in a large fire. When this is 
melted, they pour it into greased iron mortars and let it cool. Afterward 
they separate the regulus at the bottom from the scoriz and wash it well. 
This is the tin-glass which may be called the regulus of tin’”’ (13). 

The French chemist, Hellot, noticed, however, that the tin smelters in 
Cornwall added natural bismuth, instead of the ingredients recommended 
in the pharmacopeias, to make the tin hard and brilliant, and in 1737 
he obtained by fire assay of a cobalt ore a button of the metal (7). Claude 
Joseph Geoffroy (Geoffroy the Younger) published in 1753 his famous treat- 
ise called ‘“The Chemical Analysis of Bismuth.” Although death cut short 
his researches, he showed clearly that it is an individual metal, distinct 
from lead, and described its most striking properties (7). 


Phosphorus 


In the seventeenth century there lived in Hamburg a merchant by the 
name of Hennig Brand (or Brandt), who was apparently the first man ever 
to discover an element. Of course, gold and lead and the other metals 
and non-metals used in ancient civilizations must have been discovered 
by somebody, but these great contributors to human knowledge are as 
unknown today as is that greatest of all inventors—the man who made the 
first wheel. 

Brand was a soldier in his youth, and it is said that later he became 
“an uncouth physician who knew not a word of Latin” (8). In spite of this 
deficiency he married a wealthy wife, but after her death he lost the in- 
herited money. In an attempt to regain his lost financial standing, he 
was lured by the spell of alchemy to search for the King of Metals. No one 
knows what led this zealous alchemist to hope that in human urine he 
might find a liquid capable of converting silver into gold, but it is well 
known that his queer experiments made in 1669 produced results that were 
both startling and strangely beautiful. Small-wonder that he was delighted 
with the white, waxy substance that glowed so charmingly in his dark 
laboratory. The method of obtaining this light-giving element, which is 
now called phosphorus, Brand kept secret, but the news of the amazing 
discovery soon spread throughout Germany (9). 

There lived at that time a famous chemist, Johann Kunckel (1630-1702), 
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JoHANN KUNCKEL VON LOWENSTERN, 1630-1702 


armacist, and glass technologist. Independent dis- 


German chemist, ph 
Counselor of Metals under King Charles XI of 


coverer of phosphorus. 
Sweden. 

(The portrait reproduced her 
“Ars Vitraria Experimentalis,” p 


ewith is the frontispiece of Kunckel’s 
ublished during his lifetime, in 1679.) 
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THE ALCHEMIST, BY D. TENIERS 


a son of an alchemist in the court of the Duke of Holstein (10). The 
younger Kunckel studied pharmacy, glass-making, and assaying; worked in 
the Dresden laboratory of John George II, Elector of Saxony; taught 
chemistry in the famous medical school at Wittenberg; and later man- 
aged the glass-works in Berlin belonging to Frederick William, the Elector 
of Brandenburg. His last years were spent in the service of King Charles 
XI of Sweden, who conferred on him the titles, Baron von Léwenstern and 
* Counselor of Metals (10). 

One day Kunckel proudly exhibited to a friend in Hamburg, much as a 
modern chemist might show a specimen of hafnium or illinium—a match. 
To his great surprise, the friend had not only seen matches before, but 
offered to take Kunckel to the home of the medical alchemist, Dr. Brand, 
to see a still more remarkable substance that shines spontaneously in the 
dark. Brand, they found, had given away his entire supply, but he 
took Kunckel to the home of a friend to see the wondrous element. 

Kunckel, in the heat of excitement, wrote immediately to his friend, 
Dr. Johann Daniel Krafft of Dresden. The latter, however, proved to be a 
false friend, for, without replying to Kunckel’s letter, he went immediately 
to Hamburg and bought the secret from Brand for two hundred thalers. 
Just as the transaction was being made, Kunckel arrived on the scene. 

All his attempts to learn the secret process failed, but he did find out that 
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the new luminous substance, which had come to be known as phosphorus, 
had been obtained from urine (8). 

Kunckel then began experimenting with this fluid, and was finally suc- 
cessful. Like Brand, he refused to reveal the method, giving as his reason 
the fear that dangerous accidents with phosphorus might become frequent. 
According to Homberg, Kunckel’s process was essentially as follows: Fresh 
urine was evaporated nearly to dryness, after which the black residue was 
allowed to putrefy in a cellar for several months. This material was 
heated, gently at first and then strongly, with twice its weight of sand, in 
a retort leading to a receiver containing water. After the volatile and oily 
constituents had distilled over, the 
phosphorus began to settle out in the 
receiver as a white, waxy solid. This 
was the part of the process which 
Kunckel thought too dangerous to 
reveal to the public. To prevent fires 
and explosions, it was necessary to 
remove the flame as soon as the phos- 
phorus began to appear, and to keep 
the receiver closed until it became 
cold (8). 

Kunckel not only prepared phos- 
phorus, but also cast it in molds to 
obtain the stick phosphorus now fa- 
miliar to all chemistry students. He 
also introduced its use as a medicinal, 
and his famous book on the subject Ropert Bove, 1627-1691 
bears the curious title: ‘Treatise of English chemist and physicist 
the Phosphorus Mirabilis, and Its i eo on anes. a 
Wonderful Shining Pills” (10). It is mechanical origin of heat, and. his 
pleasant to know that his discovery of independent discovery of phosphorus. 

: One of the founders of quantitative 
the element was not without reward, analysis. 
for Duke Johann Friedrich of Han- 
over paid him an annual pension for the rest of his life (9). According to 
Thomas Thomson (11), William Homberg purchased Kunckel’s secret of 
making phosphorus by giving in exchange the ingenious barometer in- 
vented by Otto von Guericke, in which a little man comes to the door of 
his house in dry weather and discreetly retires within as soon as the air 
becomes moist. 

It would be unfair to conclude this brief account of the discovery of 
phosphorus without mentioning that Robert Boyle, the illustrious English 
pioneer in pneumatic chemistry, also discovered it independently. He 
prepared it by a method somewhat resembling that of Kunckel, but, as 
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Boyle himself said, without any previous knowledge of that process. Boyle 
was a man of such high integrity that one cannot doubt the truth of his 
statement. His assistant, Godfrey Hanckwitz, made phosphorus on quite 
a large scale, and exported it to Europe (12). One of his advertisements 
reads as follows: ‘‘Ambrose Godfrey Hanckwitz, chemist in London, 
Southampton Street, Covent Garden, continues faithfully to prepare all 
sorts of remedies, chemical and galenical.... For the information 
of the curious, he is the only one in London who makes inflammable phos- 
phorus, black phosphorus, and that made with acid, oil, and other varieties. 
All unadulterated. Every description of good drugs he sells, wholesale 
and retail. Solid phosphorus, wholesale, 50 s. an ounce, and retail, £3 
sterling, the ounce’ (14). 

Until 1737 the method of manufacturing phosphorus remained a secret, 
but in that year a stranger in Paris offered to sell the secret process to the 
Academy of Sciences. After accepting the offer, the French government 
appointed John Hellot chairman of a committee to study the process, 
and his detailed report, published in the Memoirs of the Academy for 
1737, made the process accessible to all chemists (12). However, phos- 
phorus is no longer prepared by the unpleasant method described above. 
In 1774 the Swedish chemist, Johann Gottlieb Gahn, found that it is an 
important constituent of bones, and in the following year Scheele succeeded 
in isolating it from them (8). It really is strange that phosphorus was 
discovered so early in the history of chemistry, for the reactions involved in 
Brand’s method are rather complex, and even today this element is not 
isolated with ease. 
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THE DISCOVERY OF THE ELEMENTS. III. SOME EIGHTEENTH- 
CENTURY METALS* 


Mary ELvirA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


Among the metals isolated in the eighteenth century may be mentioned zinc, 
cobalt, nickel, and manganese, the last three of which were discovered in Sweden. 
The researches of Marggraf, Georg Brandt, Cronstedt, and Gahn which led to 
the recognition and isolation of these elements were scientific contributions of the 
first rank, and the personalities of these great men are well worthy of study 
and emulation. Other metals of this period will be discussed in later chapters. 


“Knowing how contented, free and joyful ts life in the realms of 
a one fervently wishes that many would enter their portals.”’ 
Zinc 

Centuries before zinc was discovered in the metallic form, its ores were 
used for making brass. Ancient metallurgists probably lost this volatile 
metal as vapor because their appa- 
ratus was not designed for condensing 
it. E.O. von Lippmann, a famous 
authority on the early history of 
science, searched the writings of Aris- 
totle, Pliny, and Dioscorides in vain 
for any mention of it, but an idol con- 
taining 87.5% of that metal was found 
in a prehistoric Dacian ruin at Dor- 
dosch, Transylvania (2). P. C. Ray 
states that the Hindu king, Madana- 
pala, recognized zinc as a metal as 
early as 1374 (3), and it is probable 
that the art of smelting the ores origi- 
nated in India and was carried first to 
China. A Chinese book entitled 





From Bugge’'s ‘‘Das Buch der grossen Chemiker’”’ Tien kong kai ou” printed in 1637 

Ameena Gicttainters Misditiins describes the metallurgy and uses of 
1709-1782 this metal (2). 

German chemist who distinguished A hundred years before zinc was 


between potash and soda, realized that Ited in E ‘ bei Id 
clay contains the peculiar oxide now ‘Smeited in Europe, it was being so 


known as alumina, recognized mag- there by Portuguese traders who 
nesia, isolated zinc from calamine, and b nt dt 8 nel f 
discovered sugar in the beet. Niet it from the Orient (4). 

Georgius Agricola mentioned the for- 
mation of ‘‘zincum’”’ in the furnaces in Silesia. Small amounts of metallic 
zinc were obtained as a by-product of the lead industry at Goslar, Prussia, 
and G. E. Lohneyss described the process as follows: ‘‘The metal zinc or 

* Tllustrations by F. B. Dains, The University of Kansas, Lawrence, Kansas. 
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counterfeht is formed under the smelting furnaces and in thectevices of the 
wall where the bricks are not well plastered. When the wall is scraped, the 
metal falls down into a trough placed to receive it. The metal is not much 
valued, and the workmen collect it only when they are promised Trink- 
geld” (2), (18). 

Johann Kunckel and Georg Ernst Stahl believed that the ore calamine 
contained a metal that alloys with copper to form brass, and even as late 
as 1735, the Swedish chemist, Georg Brandt, thought that calamine could 
not be reduced to a metal except in presence of copper (2), (19). In 1746, 
however, Andreas Sigismund Marggraf (20) heated a mixture of calamine 
and charcoal in a closed vessel in the absence of copper, and obtained a 
metal that differed from all others in hardness, specific gravity, and in its 
other properties (2), (19). Ever since that time, zinc has been recognized 
as a distinct element. 

Some Swedish Metals 


In the eighteenth and nineteenth centuries Sweden far outstripped all 
other countries in the discovery of new elements. It is blessed with a rich 
supply of rare ores and, moreover, it had a long succession of brilliant 
chemists and mineralogists whose greatest delight was to investigate these 
curious minerals. In the century following the accidental discovery of 
phosphorus, three new metals, cobalt, nickel, and manganese, were dis- 
covered by Swedish chemists. 

Cobalt 


Georg Brandt (5), the discoverer of cobalt, was born on June 26, 1694, 
at Riddarhytta in the province of Vestmanland. He studied chemistry 
and mineralogy at the famous University of Upsala, and afterward 
rounded off his education, as so many other European chemists have done, 
by extended travel in foreign countries. He returned to Sweden well fitted 
to bear responsibility, and became connected with the Department of 
Mines, serving most successfully as assay-master of the Mint. Besides 
performing these duties for his government, he directed the chemical 
laboratory which had been established at Stockholm. He was an honored 
member of the Stockholm Academy, and his many important papers were 
published in Swedish in the transactions of that society (6). 

Brandt’s most important contribution to science was his discovery of 
the element cobalt. Its compounds had been used by Greek and Roman 
glassmakers to color the glass a beautiful deep blue, and by the Egyptians 
to tint their artificial gems. The first mention of this metal is in the 
writings of Paracelsus (7). Berthelot thought, however, that metallic 
cobalt must have been prepared before the thirteenth century, for the al- 
chemists understood how to roast and reduce ores. They did not, however, 
know how to refine the metals and distinguish between them (7). 
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Ever since the sixteenth century a mineral of unknown composition had 
been used by European glassmakers. This mineral, when treated with 
acids, gave blue solutions just as copper ores do, but had the unusual prop- 
erty, not possessed by copper ores, of imparting a blue color to glass. 
Because of this seemingly mysterious behavior, the mineral was called 
“cobalt” from the German word Kobold, meaning subterranean gnome. 
These little, teasing earth sprites are frequently mentioned in Goethe's 
“Faust”: 


Salamander soll gliihen Salamander shall kindle, 
Undene sich winden, Writhe nymph of the wave, 
Sylphe verschwinden, In air sylph shall dwindle, 
Kobold sich miihen. And Kobold shall slave. 
Wer ste nicht kennte Who doth ignore 

Die Elemente, The primal Four, 

Ihre Kraft, Nor knows aright 

Und Eigenschaft, Their use and might, 

Ware kein Meister O’er spirits will he 

Uber die Geister. (8) Ne’er master be. (8) 


The Kobolds, according to an ancient German superstition, delighted in 
destroying the work of the miners, causing them endless trouble; and in 
mining towns the people used to pray in the churches for deliverance 
from the power of these malicious spirits (7). 

In 1735 Brandt examined the ore called ‘‘cobalt,’”’ and found that it con- 
tained a metal that gave it its property of producing a blue smalt. After 
separating this metal by fire assay, he named it cobalt for the mineral 
from which he had extracted it. When Brandt died at Stockholm on 
April 29, 1768, his death was mourned by the entire scientific world. He 
was one of the ablest chemists of his time (6). 


Nickel 


Alex Friedrich Cronstedt, the discoverer of nickel, was born on December 
23, 1722, in the province of Sédermanland in Sweden (5). His father, a 
lieutenant-general, gave him a good education, and he soon demonstrated 
his ability in physical science and mathematics. He rendered great ser- 
vice to his country as a metallurgist in the Bureau of Mines, and his name 
will always be honored because of the brilliant manner in which he discov- 
ered the useful metal nickel (6) (24). 

The history of this metal is similar to that of cobalt. An alloy of nickel 
called packfong (or paktong) was used by the Chinese long before the metal 
was known in Europe (7), (23). In Germany a heavy, reddish brown ore, 
frequently found covered with green spots or stains, was used to color 
glass green; the miners called it Kupfernickel (21). Since Nickel, like 
Kobold, means deceptive little spirit, the word Kupfernickel may be trans- 
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lated, false copper. Hierne, in a work on metals published in 1694, expressed 
a belief that Kupfernickel was a kind of cobalt or arsenic mixed with 
copper, but in this view there was only a germ of truth (7). 

When Kupfernickel (or niccolite, as it is called today) is dissolved in 
acids, green solutions are obtained which resemble those of copper, but 
Cronstedt, who began to study the ore in 1751, found such solutions to be 
very different from those of copper. In one of his experiments he placed 
a piece of iron in the acid solution of the ore, expecting to see the copper 
deposit on it. To his great surprise, he was unable to secure a deposit of 
any kind, for, as is now well known, niccolite contains no copper (9). 
Upon calcining the green crystals 
which covered the surface of some 
weathered Kupfernickel, and reducing 
the calx, or oxide, by heating it with 
charcoal, Cronstedt obtained a white 
metal bearing no resemblance what- 
ever to copper. After studying its 
physical, chemical, and magnetic 
properties, he announced in the Mem- 
oirs of the Stockholm Academy that 
he had discovered a new metal, dif- 
ferent from all others, for which he 
proposed the name nickel (7), (21). 

He said, 

This salt or this vitriol, after 





BALTHASAR GEORGES SAGE 


having been calcined, gives a col- 
cothar or clear, gray residue 
which, when fused with three 
parts of black flux, gives a regulus 
of 50 pounds per quintal. This 
regulus is yellowish on the out- 
side, but in the fracture it is silver- 
colored with iridescent colors, 


1740-1824 


French analytical and mineralogical 
chemist of the phlogiston school. In 
his “Analyse Chimique,”’ published in 
1786, he gave methods of testing and 
analyzing coal, clay, water, and many 
minerals. 





and composed of little laminae, quite similar to those of bismuth. It is 
hard and brittle, only feebly attracted by the magnet, calcination 
changes it to a black powder; these two properties come from the iron 
which has passed into the vitriol. This regulus dissolves in aqua fortis, 
aqua regia, and spirit of salt; it gives on dissolving a brilliant green 
color, and there precipitates a black powder which, when heated before 
the enamelers’ blowpipe, gives signs of phlogiston and of the metallic 
part which it contains. ... (7), (21). 


The slight magnetization observed by Cronstedt is now known to be a 
property of nickel itself. In 1754 he roasted Kupfernickel with “black 
flux,’ placed some of the mixture in a crucible, and covered it with a layer 
of common salt. Upon heating it to a very high temperature, he not only 
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reduced the oxide to the metallic state, but melted the nickel. Kupfer- 
nickel, or niccolite, is now known to be an arsenide of nickel. 

Many chemists in Sweden and in other parts of the world immediately 
accepted Cronstedt’s claim to the discovery of a new element, but Sage 
(22) and Monnet in France believed that his nickel was merely a mixture of 
cobalt, arsenic, iron, and copper (7). Asa matter of fact, it was somewhat 
contaminated with iron, cobalt, and arsenic; and therefore the great pioneer 
in analytical chemistry, Torbern Bergman, carried out an elaborate series 
of experiments by means of which he obtained nickel in a high state of 
purity. The results he published in 
1775 completely confirmed those of 
Cronstedt, for he showed that no 
combination of iron, arsenic, cobalt, 
and copper will duplicate the proper- 
ties of nickel. Bergman’s pupil, Arf- 
vedson, defended these views in his 
thesis at Upsala in 1775 (7). 

Even after this proof, some chem- 
ists were very conservative about 
accepting the new element. William 
Nicholson, in his “First Principles of 
Chemistry’”’ published in 1796, gave 
the following account of it: 


This metallic substance has not 
been applied to any use; and the 
chief attention of those chemists 
who have examined it has been 
directed to obtain it in a state of 
purity; which, however, has not 
yet been accomplished. ... Nickel 





TORBERN BERGMAN, 1735-1784 


Swedish chemist, mineralogist and 
editor. Author of the ‘“Opuscula 
physica et chemica,’’ a_ six-volume 
treatise. Among his students were 


Gahn, the discoverer of manganese; 
Hjelm, who isolated molybdenum; and 
the d’Elhujar brothers, who discovered 


has been thought to be a modifi- 
cation or iron. . . . So long as no 
one is able to produce this metal 





tungsten. : 
from pure iron or copper, and to 


explain in an intelligible way the process by which it can be generated, 
we must continue to regard it as a peculiar substance, possessing dis- 
tinct properties. The general opinions of chemists concur in admitting 
the force of this reasoning (10). 


Cronstedt’s fame does not rest alone on hjs discovery of nickel, for he 
made an excellent classification of minerals which was translated into 
several languages. Berzelius said of him, ‘‘Cronstedt, the founder of the 
chemical system of mineralogy, a man who by his acuteness in that science 
rose so far above his age that he was never correctly understood by it, 
used the blowpipe to distinguish between minerals” (11). Ability to use 
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this instrument skilfully and without fatigue and injury to health required, 
as Berzelius pointed out, an intensive training that few chemists care 
toundergo. Nevertheless, Cronstedt acquired such unusual control over it 
that he could direct a candle-flame upon a sample no larger than the head 
of a pin and make it white-hot (11). Jagnaux states that Cronstedt and 
Rinmann operated a successful plant for distilling zinc, and that they 
“were as well versed in metallurgy as in mineralogy” (4). Cronstedt 
also discovered zeolite, the silicate which is so widely used for softening 
water, and wrote a paper on it in 1756. 
He died at Stockholm on August 19, 
1765. 
Manganese 


When Cronstedt died, the man who 
is conceded to be the discoverer of 
manganese was exactly twenty years 
old. Johann Gottlieb Gahn was born 
at Voxna, an iron-mining town in South 
Helsingland on August 19, 1745 (3). 
Left fatherless at an early age and 
obliged to earn his living in the mines, 
he shared the joys and sorrows of the 
laborers and learned mining ‘‘on the 
lowest and wettest level’ (17). He 
studied mineralogy under Bergman, 
and became a close observer, a profi- JouANN GorrTLieB GAHN 
cient analyst, and a brilliant mineralo- 1745-1818 
gist. Like Cronstedt, he was most Swedish chemist, mineralogist 

: i and mining engineer. Manufac- 
expert in the use of the blowpipe and, turer of copper, sulfur, sulfuric acid, 
according to Berzelius, always carried and red ochre. Discoverer of 
; j : : metallic manganese. 
it with him, even on the shortest trips. 

When Gahn demonstrated the presence of copper in certain kinds of paper 
by burning a quarter of a sheet, heating the ash with the blowpipe, and 
displaying a tiny speck of the red metal, the young Berzelius watched him 
with wonder and admiration (11). It was Gahn’s discovery of phosphorus 
in bones that led Scheele to develop a means of isolating it from them (12). 

The ore, Braunstein, or pyrolusite, was used by the alchemists for bleach- 
ing glass, and the Berlin glass and porcelain technologist, J. H. Pott, stated 
in 1740 that this mineral contained an earth different from any then known 
(13). Cronstedt expressed the same view in his “System of Mineralogy.” 
The mineral was also known at that time by the confusing names “‘black 
magnesia’”’ and ‘“‘manganese.” Bergman knew, however, that it was not a 
compound of the alkaline earth, magnesia, for he said, ‘““The mineral called 
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black magnesia is nothing other than the calx of a new metal, which must 
not be confounded with lime nor with magnesia alba.” He failed, however, 
in all attempts to reduce the ore (13), (25), and finally turned the problem 
over to his friend, Scheele, who in 1774, after experimenting for three years, 
presented his results to the Stockholm Academy in the form of a paper 
entitled, ‘Concerning Manganese and Its Properties.” In this epoch-. 
making dissertation he announced the existence of the gaseous elements, 
oxygen and chlorine, and paved the way for the discovery of the metals, 
barium and manganese. Scheele stated that the mineral known as ‘‘man- 
ganese’’ was the oxide of a metal different from any then known (26). 

Although Pott, Bergman, and Scheele all believed in the existence of the 
metal manganese none of them were able to isolate it. However, in 1774 
Gahn (25) lined a crucible with moist charcoal dust, placed in the center a 
mixture of the pulverized pyrolusite and oil, and covered it with more of 
the charcoal dust. After luting another crucible to this, he heated them 
intensely for an hour and, upon opening the apparatus, he found in it a 
button of metallic manganese weighing about a third as much as the ore 
from which he had isolated it (13). For the accomplishment of this 
difficult reduction and for the isolation of this important metal, Gahn 
deserves high praise. 

In 1784 he was made assessor at the College of Mines; he also served as 
deputy to the 1819 Diet, and was known politically as a Liberal (14). 
He was not only a brilliant chemist and mineralogist and a conscientious 
public official, but also a highly successful business executive. He owned 
and managed mines and smelters, and introduced new industrial methods; 
and it was in his sulfuric acid plant that Berzelius discovered the element 
selenium. During the American Revolution, when large amounts of pure 
copper were needed for sheathing ships, Gahn’s plant at Stora Kopporberg 
was able to fill large rush orders (15). It is a curious fact that Assessor 
Gahn bore such a striking resemblance in features, gestures, and intellectual 
interests to Dr. William Hyde Wollaston, the English scientist who later 
discovered palladium and rhodium, that he was often called ‘‘the Wollaston 
of Stockholm” (16). Berzelius once stated, in fact, that one ‘‘would take 
them for sons of the same father” (16). Thomas Thomson, who once 
visited Assessor Gahn at his home in Fahlun, said that “‘his manners were the 
most simple, unaffected and pleasing of all the men of science” he had ever 
met, and that ‘‘benevolence and goodness of heart..... beamed in his 
countenance”’ (15). 

Gahn, unfortunately, left most of his scientific work unpublished, leaving 
only a few papers on the blowpipe, on a sensitive balance, and on economy 
in the operation of smelters. He died at Stockholm on December 8, 1818, 
at the age of seventy-three years. In a biographical sketch in the ‘Annals 
of Philosophy,” one may read this high tribute: 
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To sum up the whole, we may safely say that he was alike eminent as 
a practical chemist and mechanic, as a patriot in public, and a friend in 
private, life, as presiding over the interests of the miner and of the 
farmer, and in fine as the guardian and overseer of the large family of 
his native poor.* It will not indeed be easy to find another whose 
talents have been at once more brilliant and more useful, who has been 
more admired and more loved by his country, than John Gottlieb 





Gahn (15). 


(1) 


(3) 


(4) 


(5) 


(6) 
(7) 


(8) 
(9) 
(10) 


(11) 


(13) 


(14) 





* Assessor Gahn helped to establish the first poorhouse at Fahlun. 
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THE NATIONAL INSTITUTE OF HEALTH: UNCLE SAM’S 
ORGANIZATION FOR MEDICAL RESEARCH 


E. K. Fortz,* NATIONAL INSTITUTE OF HEALTH, U. S. PuBLic HEALTH SERVICE, 
WASHINGTON, D. C. 


The action of Congress in establishing a center for medical research reflects 
the public demand for a wider participation by the Government in matters 
pertaining to the citizen’s health. For many years the physician has realized 
that there is much with which he should be equipped over and above the armamen- 
tarium of drugs which he now has available. Too busy in his daily ministra- 
tions to the sick to engage in experimental work, he must look to others to effect 
discoveries for the benefit of the individual man, woman, and child. Anda new 
outlook in the field of research now seems in the making. 

Recognizing the possibilities of expanded research, the United States Public 
Health Service has proceeded to enlarge the scope of its laboratories in accord- 
ance with Congressional legislation. In name the National Institute of Health 
is scarcely more than a year old, but in activities it dates back many years, being 
formerly known as the Hygienic Laboratory. 

One of the provisos of the new legislation is the establishment of research 
fellowships through gifts from philanthropic sources. The funds so contributed 
are administered by the Government. In view of Federal sponsorship it is 
foreseen that wealthy persons will designate the Institute as an outlet for their 
philanthropies. Already The Chemical Foundation, Inc., has provided a fund 
of $100,000 for research on chemical problems of a fundamental nature. 

The Institute ts organized so far into four scientific divisions with a directing 
head and is engaged upon a notable array of studies. 

Staff members are selected on account of special qualifications and are given 
wide latitude in their work. The Institute aims to provide ample facilities for 
its research workers so that they may give undivided attention to their chosen 
fields of activity. 


On a knoll overlooking the Potemac River in Washington is a group of 
buildings little known to the residents of the capital city and less so to the 
average visitor. Yet world leaders in the public health sciences which in 
this instance include, among other branches, chemistry, physics, zodlogy, 
and bacteriology, are well acquainted with this Institute and its work; for 
it is here that the Federal Government, through the U. S. Public Health 
Service, maintains research laboratories handling matters that concern the 
health of every man, woman, and child in this country and, to a relative 
degree, those in foreign lands the world round. 

When a child is given diphtheria antitoxin, the family may rest assured 
that the doctor who administers the remedy is using a product that is as 
pure and potent as it is humanly possible to make it; for the manufacturer 
who has produced the antitoxin holds a Federal license issued to him because 


* Executive Assistant. 
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ONE OF THE Six LABORATORIES DEVOTED TO RESEARCH ON CARBOHYDRATES 
The young woman is a chemist, the young man a chemical technician. 


his establishment and his products have been inspected and found reliable 
by an expert of the U. S. Public Health Service. The same thing is true of 
certain other similar remedies used in the prevention or cure of infectious 
diseases. There are at present 137 antitoxins, vaccines, viruses, and analo- 
gous products licensed for use by physicians, and the Federal Government 
keeps a watchful eye on all of them to see that they are pure and, so far as 
possible, to determine that they are potent. True it is that your Govern- 
ment cannot guarantee the curative properties of a remedy any more than 
your health officer can guarantee that a pint of water taken before breakfast 
is good for indigestion. The best that the health officer can do is to assure 
his constituents that all his regulations governing the production of pure 
water in his town have been complied with. 

The inspection and licensure system applied to these biologic products, 
as they are called, is but one of the activities carried on by the Public Health 
Service at the National Institute of Health. Indeed, though of utmost im- 
portance, this feature of the Institute’s operations is looked upon largely 
as a routine procedure and is subordinate to its research work. At this 
Institute the Government has assembled a staff of experts whose business 
it is to delve into the unknown and discover such fundamental and practical 
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Wuat Errect Dores CooKING HAVE UPON VITAMINS? 


In the nutritional laboratories the experimental diets are concerned chiefly with 
vitamin PP submitted to varying degrees of cooking as well as in foods eaten raw. 


facts as they can pertaining to health and disease and to find an answer, if 
possible, to a few of the thousands of questions that the layman is asking the 
scientist and that the scientist is asking himself. 


Demand for Research 


For many years the physician has realized that there is much with which 
he should be equipped over and above the armamentarium of drugs which 
the empiricism of the past has placed in his hands. The controversies that 
arose with the advent of bacteriology left too many things unsettled; and 
in more recent years there has broken upon the doctor’s horizon a suspicion 
that all disease, in its last analysis, may be a chemical reaction in some way 
associated with the phenomenon we call life. With this viewpoint in- 
creasingly prevalent, he feels that the mysteries which Nature every day 
places in his path, as he visits the bedside of his patients, should be unlocked 
for the betterment of human kind. As for himself, he rarely has either the 
time or the means to give to research. So, ordinarily about all he can do is © 
to lay to his daily task, taking note of obscure symptoms and reporting 
them to his favorite journal, and perhaps once a year stimulating his outlook 
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APPARATUS EASILY SET UP AND REMOVED IS ADVANTAGEOUS IN MUCH OF THE 
Work ON INFECTIOUS DISEASES 
























by attending the convention of his medical association. This same 
physician must, therefore, of necessity usually look to others to search out 
the secrets of health and disease, and to effect discoveries for the benefit of 
the individual. 

This searching-out process already covers a notable roster of discoveries; 
yet the catalog of accomplishments is altogether too brief, in comparison 
with problems awaiting solution, to satisfy those engaged in running down 
the sources of human misery. And often it seems that the more that is 
found out about disease and its manifestations, the more there still remains 
hidden. We have, for example, the long list of infectious diseases— 
maladies caused by living organisms taking up residence in the human 
body and bringing about conditions that upset the smooth working of the 
system and so causing bodily breakdown. This group of diseases has been 
combed over to some extent and remedies have been produced that are 
effective in many cases; yet numbers remain inexplicable. 

Aside from the family of infectious diseases, there are the so-called 
“constitutional” diseases, causing misery and pain and distress. Often as- 
sociated with these are mental disturbances with their tragic possibilities. 
Looking up the statistics of our asylums, one may realize all too well that 
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THE JUNIOR PHARMACOLOGIST HERE SHOWN Has A CONVENIENT LABORATORY 
The apparatus was photographed “‘as is’’ during work on the standardization of ergot. 


there is an abundance of ‘“‘brain trouble,’ some of it the result of infectious 
disease, some apparently hereditary, and yet another large proportion 
from—‘‘Quien sabe?”’ as our good friends in Mexico say. 

Modern man is not a fatalist; unlike his ancestors, he is not content to 
suffer and die. The hundreds of hospitals, sanitaria, and health resorts 
testify to his struggle against disease; and a peep into the private home too 
often reveals an invalid, dependent upon loving hands to ease his distress, 
and his kin rightly demand that something be done. 


Congress Steps In 


With such thoughts in mind, Congress turned its attention to medical 
research in a large way by establishing a center for the purpose. 

In reality the National Institute of Health is the old Hygienic Laboratory 
of the U. S. Public Health Service under another name. Back in 1887 
Doctor J. J. Kinyoun, of the Public Health Service, opened a little clinical 
laboratory at the Service Hospital in New York, where he hoped to improve 
methods of diagnosis. In those days the science of bacteriology was in its 
infancy and about the only function of chemistry in relation to the health of 
man was the compounding of drugs by the pharmacist or, as he was then 
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CONVENIENCE OF MATERIALS SAVES ANNOYANCE IN RESEARCH WORK 


Nothing is missing from this blood-counting outfit, unless it is the patient in a 
nearby hospital. 


generally known, the “prescription clerk.’”’ Time wrought a change. 
Doctor Kinyoun’s little laboratory began to attract attention, so much so 
that Surgeon General Walter Wyman brought it to Washington, and in 
1901 Congress gave it a name—the Hygienic Laboratory—provided funds 
for the erection of a small building and directed that it should ‘investigate 
matters pertaining to the public health.”’ 

A broader legal enablement has perhaps never been given by the Congress 
of the United States, not even excepting the comprehensive legislation 
enacted incident to the World War. Under this authority the Public 
Health Service through its studies may undertake any kind of effort 
deemed advisable to promote health, at any time, anywhere, in any way, 
whether it relates to the biological sciences, to physical conditions, or to 
mental phenomena. From time to time, up.to the present, Congress has 
granted increased funds and additional buildings for carrying out its 
intentions. 

Just recently the Federal legislative body enlarged the scope and func- 
tions of the Hygienic Laboratory by passage of an act sponsored by 
Senator Joseph E. Ransdell, whereby the name was changed to the National 
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WomMEN ARE ON AN EQuaL FootiNG WITH MEN AT THE NATIONAL INSTITUTE OF 
HEALTH, BOTH AS TO WORK AND PAY 


The young woman here seen is an expert serological technician and is reading the 
results of her work. 


Institute of Health and funds were provided for extending its work. 
Recognizing the fact that many wealthy persons seek a responsible outlet 
where their philanthropies may be devoted to the alleviation of human 
suffering in exactly the manner they wish, the act authorizes the Secretary 
of the Treasury to accept, on behalf of the United States, gifts made by will 
or otherwise for study, investigation, and research in fundamental problems 
of the diseases of man and matters relating thereto and for the acquisition of 
grounds or for the erection, equipment, and maintenance of buildings and 
premises. Already The Chemical Foundation, Inc., through its president, 
Francis J. Garvan, has provided a fund of $100,000 to be used for research 
on chemical problems of a fundamental nature. 

The legal restrictions thrown around such gifts assure the donors that 
funds will be used for the purpose intended and for no other. Unlike funds 
raised by ‘‘drives,’’ “‘campaigns,” community chests, and in similar ways, 
where it is necessary to divert a percentage to pay the expense of administra- 
tion, not a single cent can be deducted for this purpose from contributions 
to the National Institute of Health. 




















To BE Sure Tuat BroLocic Propucts Put Out By COMMERCIAL ESTABLISHMENTS 
ARE CLEAN AND POTENT, WHERE A PoTENCY STANDARD Is PRACTICABLE, THEY 
Must BE TESTED PHYSIOLOGICALLY 


“Better a mouse than a man.”’ 


How Fellowships Are Awarded 


One of the splendid features of the act mentioned is a proviso whereby 
the income from gifts and bequests may be devoted to the establishment of 
fellowships for undertaking studies of problems connected with health and 
disease. These fellowships are awarded by the Surgeon General of the 
Public Health Service, with approval by the Secretary of the Treasury, who 
investigates the record and scientific ability of candidates to see that they 
are qualified. 

Fellowships are ordinarily thought of as positions given out by universi- 
ties to promising students, with the object of developing their capabilities 
and, as a result of good work, granting them an advanced degree. The 
Public Health Service goes about the fellowship business in a somewhat 
different way. It does not appoint a fellow for the purpose of giving him 
training and experience. The candidate must have an unusual background 
and show special aptitude in his chosen profession; he must possess insight 
and peculiar ability to pursue research. A recent graduate, or a man or 
woman of wide accomplishment, may have unique capabilities for handling 
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a given problem, such as scientific poise, originality, and genius for work, 
marking him as exceptional in his sphere of effort. As there is no standard 
by which to measure such qualifications, competitive examination is not 
practicable. The opinion of persons competent to judge his ability is the 
guide, therefore, in making appointment. It may be interesting to know 
that the selection of fellows, or research associates as they are designated, is 
not restricted to American citizens. Inasmuch as science is not bounded 
by political frontiers, Congress has wisely left the way open to secure the 
best to be had the world over. The intent of the Government is to choose 
experts only, regardless of age, sex, race, or nationality. 


Projects under Way 


The laboratory space now available is occupied to the full with projects 
suitable for investigation and relating to practical as well as fundamental 
problems. A glance at the following schedule of studies, actually in 
progress, will convey a fair idea of the scope and kind of work handled at the 
Institute. 

Nutrition with special reference to (1) lengthening the list of foodstuffs 
known to be useful in the prevention and cure of pellagra, and (2) to con- 
centrating, if possible, the pellagra-preventive vitamin. 

The effect of freezing on biologic products, particularly those used in the 
prevention of diphtheria. 

Typhus fever of the United States. 

Rocky Mountain spotted fever, a disease until recently thought to pre- 
vail exclusively in the northwest but now known to be present in Delaware, 
Pennsylvania, Maryland, the District of Columbia, Virginia, and North 
Carolina; its nature, virulence, etiology, and means of control. 

The effect of various salts and sugars upon the viability of certain micro- 
organisms. 

Hemolytic streptococci (blood-destroying pus germs); comparison of 
strains, colony variants. 

Meningococcus meningitis; efforts to put its serum treatment on a more 
reliable basis. 

Undulant fever; (1) type differentiation and (2) epidemiology. 

Post-vaccination sequelae. 

Tularemia; viability of the organism in rabbits held in cold storage. 

The etiology of trachoma. 

Pathologic histology. 

Preparation of catalogs of parasites reported for animal hosts; four key 
catalogs are under way and seven have already been issued. 

Cancer; (1) the biochemical characteristics of malignant versus normal 
cells, (2) tissue culture, (3) the chemistry of cell division, (4) chemo- 
therapy. 
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The pharmacology of so-called Jamaica ginger paralysis. 

The standardization of certain drugs. 

Fundamental researches on sugars; (1) improvement of the methods for 
preparing sugars and their derivatives, (2) determination of the structures 
of sugars. 

In prosecuting its researches, the National Institute of Health has no 
desire to build up an organization merely for the sake of size. It cares 
nothing for publicity unless that publicity is the vector of facts useful to 
human kind; and the Institute views the problems of health and disease 
from the broad scope of human advancement. With this in mind it moves 
forward in its assault on the common enemy. 

The attack may take a direct course and result in sudden achievement or 
it may follow devious paths and be waged for years with scarcely a ray of 
hope ahead. Already six years have been spent on a bacteriological study 
of trachoma with little to show for the effort. Many years were spent by 
the Public Health Service on pellagra before its underlying cause was demon- 
strated. Sometimes a problem is studied intermittently instead of con- 
tinuously, so that improved technic and methods of approach may have 
time to “incubate,”’ or the results so far achieved may be tried out and 
criticized by research workers elsewhere. When, however, a conclusion is 
reached, an account of the work to the minutest detail is published in the 
form of a bulletin or an original paper. 


Publications and Authorship 


As “rushing into print” is frowned upon, manuscripts must be submitted 
to the Director for critical perusal, after which they go to other offices for 
scientific or editorial comment. Every manuscript issuing from the 
Institute must meet two essentials; (1) the work described must be 
scientifically sound, and (2) the description must be lucid and orderly 
throughout. Excellent English is desirable, but clarity and brevity are 
requisite. 

Authors are generally called upon to discuss their manuscripts before 
approval for publication. The criticism at such times is not always 
pleasant, but it is welcomed. Short papers of highly technical nature are 
frequently published in periodicals outside the Government. Approval 
from official sources must be obtained before publication in private journals 
and the same critical supervision is applied to such articles as with manu- 
scripts submitted for official publication. - 

Authorship credit is carefully guarded. An author’s reference to work 
done by others must be accompanied by bibliographic citation. Collateral 
assistance given the research worker must be acknowledged by him in the 
article. Material assistance adding to the originality of the work entitles 
the giver to joint authorship. On the other hand, a supervising officer 
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not directly engaged in the studies does not necessarily participate in 
authorship, even though he assigned the subject for study and followed 
the experiments with suggestive advice. It not infrequently happens that 
a leading expert may hold an inferior authorship status in an important 
scientific paper for the reason that his share in the actual work consisted 
largely of check-up experiments and critical analyses. Thus a subordinate 
staff scientist may outrank an outstanding authority in co-authorship. 

The Institute has no printed rules or regulations governing the fine points 
of authorship, but its unwritten law in this respect is stringent. It may 
be worth while to note that all work produced in whole or in part while on 
official status is the property of the Government. The executive authori- 
ties may disapprove the publication of a manuscript. In this case the 
author has no legal recourse; his correct procedure is to repeat his work, 
if pronounced of doubtful merit, or to revise his manuscript if the fault lies 
in its write-up. 

Work published by the Institute is distributed by the Government on 
mailing lists of selected names revised annually. These lists are made up 
in the form of ‘‘keys’’ or class groups. A correspondent may write in to the 
Institute and request that his name be put on the mailing list. If un- 
known, he is asked to state what line of scientific work particularly interests 
him so that his name may be added to the mailing key fitting his profes- 
sional activity. 

Advisory Boards 


The Advisory Board of the Hygienic Laboratory has been reorganized 
under the terms of a recent Act of Congress, and its functions have been 
enlarged under the name ‘‘National Advisory Health Council” to act in a 
consulting capacity to the Surgeon General of the Public Health Service, 
not only in respect to research problems of the Institute but with reference 
to all public health activities of the Service. 

There is a voluntary organization of public-spirited men acting as a 
Conference Board, with headquarters in the National Press Building, 
Washington. The purpose of this Board is to keep the public informed 
upon the aims and work of the National Institute of Health, and to assist 
in the conservation of the public health. 


Scheme of Organization 


The Institute is organized as a field station of the United States Public 
Health Service. The whole plan of organization is to put the work of the 
Institute on a high plane of efficiency, so that its researches may go forward 
with every advantage, whether originating from within or from without. 
The activities are grouped into working divisions. There are at present a 
division of pathology and bacteriology, one of medical zodlogy, another 
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of pharmacology, and still another of chemistry. Each division is presided 
over by a chief who is responsible to the Director for the work and personnel 
of his division. These chiefs of division are not mere administrators; 
they are leaders in their respective professions and take their places with 
sleeves rolled up by the side of their associates. 

While members of the personnel are nominally attached to various 
divisions, individual workers may have interests in extra-divisional groups 
and so divide their time among several projects. A bacteriologist, for 
example, may work in association with a chemist, a zodlogist, and a physi- 
cist; a pharmacologist may devote most of his time to chemical researches 
or may find it necessary to collaborate with a cytologist or a pathologist. 
The working divisions are seen, therefore, not as organizations devoted 
exclusively to projects of their own, but as branches of a big family with 
common ends. This plan of operation affords freedom of action and 
conduces to a high esprit de corps, especially so when every one knows 
that he is assured credit for every piece of research in which he may 
participate. 

Perhaps nothing is more disconcerting to a research worker than to have 
administrative duties foisted upon him, causing him to lose time and 
distract thought which he wants to devote to his studies. The Institute 
therefore maintains a business unit for the purpose of relieving the scientific 
staff of annoyances incident to obtaining supplies and subordinate 
personnel. 


Appointment of Personnel 


The Director of the Institute is detailed from the corps of commissioned 
medical officers by the Surgeon General of the Public Health Service for a 
term of office, which term may be renewed. During the forty years that 
the organization has been in existence, there have been but four directors. 
The late Dr. Joseph J. Kinyoun; Dr. Milton J. Rosenau, now head of the 
Department of Preventive Medicine, Harvard University; Dr. John F. 
Anderson, director of the Biological Department of E. R. Squibb & Sons; 
and Dr. George W. McCoy, the present incumbent. 

Members of the scientific staff are detailed from the corps of officers of 
the Public Health Service or are chosen from lists of eligibles supplied by 
the United States Civil-Service Commission, who establish their roster 
through competitive examination. After one has passed an examination, 
his name becomes available not only to the National Institute of Health 
but to other Government departments requiring assistance of similar 
qualifications. Therefore, a person seeking appointment in the Institute 
should write to the Civil-Service Commission, at Washington, requesting 
full information concerning forthcoming examinations for positions fitting 
his qualifications. 
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The Institute’s corps now comprises 19 medical officers, 36 non-medical 
scientists, 17 highly trained technicians, 8 mechanics, 16 administrative 
and clerical personnel, and 60 subordinate assistants; many of the latter 
perform work of technical character. The members of this staff of 155 are 
subject to travel orders and may be detailed for temporary duty away from 
Washington on short notice when field investigations require. 

Twenty-four of the corps are women, who occupy positions on the same 
footing as men, both as to work and pay, no discrimination being made in 
appointment or promotion. The Institute aims to secure the best to be 
had, regardless of sex. Two of the working units are, in fact, in charge of 
women, v7z.; the library and the section on illustrations; in both of these 
sections women supervise men workers. The corps shows a wide diversity 
of religious preferences, varied political tendencies, and social and financial 
groupings; but while engaged in the work to be done all join hands in the 
fight against our common enemy, disease. 


Salaries 


Salary is always an interesting subject to bring up. A great deal of 
misinformation concerning Government salaries is prevalent throughout the 
country. The impression seems general that public service is soft and easy, 
with big pay and little work. For decades the Government has had 
difficulty in securing and retaining the services of legal, executive, and 
technical workers falling in the higher salary brackets. Only within the 
last year or so has the supply of this type of public servants reached any 
approach to the demand. Heretofore industry has been able to attract 
and keep the best. The National Institute of Health has had to contend 
with this situation. As in other technical governmental agencies, members 
of the Institute’s staff have from time to time tendered their resignations 
to accept better paying positions elsewhere. And it takes no prophet to 
forecast a return to the same condition as soon as business regains its feet. 
The pay of technicians and subordinates is on a much better basis and 
compares fairly well with that received for similar work in private employ- 
ment. 

Remuneration for scientists at the National Institute of Health ranges 
from a dollar a year for consultants to $7500 for directing heads. The 
professional staff is graded as follows: 


Ch NGa Sy) is Shays Roadie aa ee te $6500 to $7500 
EIR 55 AF. 5. 2 Mei Ces onig spe eee wes 5600 to 6400 
eee Pee EV aR eRe OM aire 4600 to 5400 
MM Cae bce Las ee ora ek ees 3800 to 4600 
maa Se Pon ON tee ater 3200 to 3800 
POR eC Le Ve Peuinn Ma 2600 to 3200 


FURR pis cocstgn ene t ge eerie 2000 to 2600 
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Appointment may be made to any salary within the range, depending 
upon the qualifications of the candidate and the requirements of the 
position with regard to education, training, and experience. Promotion 
depends upon two contingencies: (1) the individual’s production, and (2) 
the funds available. 

The pay of technicians ranges from $1740 to $2800. Technicians are 
generally recruited from the ranks of subordinates who have proved their 
mettle. These workers occupy a very important place in the organization 
as it is upon them that the research workers depend for routine procedures; 
they are the fingers of the Institute. A technician may enter the profes- 
sional grades by securing a college degree; but even in his own grade he 
may reach such proficiency as to participate in researches and enjoy 
authorship either in collaboration or independently. 

The subordinate personnel in the various laboratories of the Institute 
are known as “‘‘attendants’ and perform the rougher work. The only 
educational requirement for this class of personnel is the ability to read and 
write and do simple computations. Attendants begin at $1260 a year 
and may rise to $1680. By demonstrating ability, adeptness, and capacity 
they may be promoted into the ranks of the technicians with the pay and 
privileges of that respected group. 

All full-time personnel of the Institute are granted 30 days’ vacation 
with pay each year, exclusive of Sundays, hoiidays, and Saturday after- 
noons, and 10 additional days in the event of illness. This long vacation 
period gives them plenty of opportunity to spend their earnings; and as the 
majority of them own cars and like travel, the chance to return the tax- 
payer’s money is at hand. There is a delightful rumor current in Washing- 
ton that merchants in distant towns and hamlets accord a hearty welcome 
to the automobile bearing a District of Columbia license plate. 


Handling Scientific Literature 


The Institute maintains an up-to-the-minute reference library pertaining 
to its specialties and has daily access to other Government scientific 
libraries in Washington totaling about 1,500,000 volumes. Over 200 
periodicals come to its reading room from all over the world and in a 
variety of languages. As it is impossible for one to spend seven hours 
daily at the bench and keep up with the literature of 200 publications, the 
material in these periodicals is brought to.the attention of staff members 
through the medium of informal meetings. Certain numbers of the 
journals are assigned to each member according to his linguistic attainments 
and in a few words he reviews his quota for the benefit of all. In this 
manner the world’s news in public health matters is not allowed to grow 
cold. 





Vo 


ha 
lat 
re’ 


pr 





', 1932 


iding 
f the 
otion 
d (2) 


) are 
their 
tion 
ires; 
fes- 
> he 
joy 


ute 
nly 
and 
ear 
ity 


Se Nk. a Se 











Vox. 9, No. 1 NATIONAL INSTITUTE OF HEALTH 45 


The library not only performs the usual work of caring for books, but 
has at its head a bibliographer who has a working command of many 
languages and who is of marked assistance in preparing bibliographies and 
reviews of literature covering studies about to be undertaken or already in 
progress. 

Educational Facilities 


The question has often been asked, What chance has a beginner at the 
National Institute of Health? The answer is, none. Being a research 
establishment, the Institute has no niche for the individual without training 
and experience. Every person appointed to the corps must have experience 
that will make him an asset right at the beginning. This does not mean 
that he has no chance to learn after he has secured appointment. To the 
contrary, his opportunities for rising are good. 

This brings up the subject of educational facilities at the Institute. The 
act of Congress establishing the National Institute of Health provides that 
“the facilities of the institute shall from time to time be made available to 
bona fide health authorities of states, counties, or municipalities for 
purposes of instruction and investigation.’ This makes it possible for 
accredited representatives of health organizations to come to the 
laboratories, in the capacity of observers or as working associates, and 
pick up approved technic and advanced methods of handling problems for 
application in the work of their home organizations. It does not mean 
that a student fresh from school may come to the National Institute of 
Health for training. The Institute maintains no seminar or course of 
instruction for general teaching. The intention of Congress was not to 
establish a school but to make the Institute and its facilities of practical, 
work-a-day use to health officials everywhere. 


Hazards of Research 


A search of the records of the Public Health Service reveals the fact that 
127 cases of infection in line of duty have occurred while its officers and 
employees were engaged upon investigational or repressive measures in 
connection with the fight against disease. Of these, 27 ended in death. 
The Institute’s share was 38 infections, of which 5 resulted fatally. 

These infections cover a wide gamut of disease and do not include acci- 
dents as such, among which may be mentioned contusions, hernias, 
fractures, burns, and injuries from chemical explosions. Nor do they 
include scores of tests and experiments, many of them distressing, per- 
formed by the medical personnel upon themselves and upon non-medical 
volunteers. These cover such procedures as inoculations with serums, 
vaccines, and so on, to determine their potency or therapeutic efficacy; 
infestations with animal parasites to test remedies; the ingestion of exu- 
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dates and other material from human cases of disease to determine infec- 
tious or non-infectious nature; and related experiments necessary in 
medical research. Some of these experiments required great courage on 
the part of the human volunteer. 


Use of Animals in Experimental Work 


A large part of the experimental work, aside from the purely chemical 
and physical studies, necessarily involves the use of animals. Like other 
similar laboratories, in its medical researches the Institute is forced to 
adopt the slogan ‘Better a mouse than a man.’’ Almost needless to say, 
the animals used in experimental work receive the utmost consideration. 
With the object of seeing that the rules governing the humane treatment of 
animals are faithfully carried out, an inspector makes frequent unan- 
nounced visits to all parts of the institution where animals are under 
experiment or are kept and notes the details of anesthesia and of the feeding 
and sanitary conditions. Should any one be derelict in the proper treat- 
ment of animals, he would not only be suspended from duty but might be 
summoned to court for violating the humane laws. 


Magnetic properties of metal crystals changed by “dilution.” New light was 
thrown on the ultra-microscopic structure of solid metal crystals, and especially on their 
magnetic properties, by a report of two scientists working in an American laboratory, 
read before the German Physical Society meeting at Bad Elster. The paper was read 
by Prof. R. A. Millikan, director of the Norman Bridge Laboratory of the California 
Institute of Technology, where the two experimenters, Dr. Alexander Goetz and Dr. 
A. B. Focke, are working. 

The two researchers attacked in a new way the old question of whether the magnetic 
properties of a metal are not affected by the arrangement of its molecules. They found 
that when a crystal of a given metal is ‘“‘diluted’’ by the addition of even a few atoms of 
another metal with different magnetic properties, its own magnetic properties are imme- 
diately and radically changed. The greatest changes occur with the addition of the first 
few atoms of the added metal; larger additions later on have less effect. The effect is 
noted, however, only when the added metal goes into “solid solution,’’ that is, if the 
new atoms are so intimately mixed with the original substance that they are built 
into ultramicroscopic structure. Furthermore, additions of the new metal beyond 
saturation point have no effect. 

The paper read by Prof. Millikan was a sort of scientific guid pro quo. A few months 
ago, one of the two authors, Dr. Goetz, created a sensation at the Pasadena meeting of 
the American Association for the Advancement of Science by presenting a description of 
the work of two German scientists, Dr. F. Lange and Dr. A. Brasch of the University of 
Berlin, who have harnessed lightning in the Alps for the operation of giant X-ray tubes, 
the most powerful that the world has yet seen. The paper last spring was read by Dr. 
Goetz in English; this “‘return contribution” was presented by Dr. Millikan in German. 
A full report of the work of Dr. Goetz and Dr. Focke will appear in an early issue of the 
weekly technical journal, Science —Science Service 
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OXYGEN, NITROGEN, AND HYDROGEN AS CONSTITUENTS IN 
METALS* 


H. C. Vacuer,** U. S. BUREAU OF STANDARDS, WASHINGTON, D. C. 


Gas pockets and small non-metallic inclusions found in commercial metals 
frequently owe their presence to the absorption of oxygen, nitrogen, and hydro- 
gen during some stage of the refining process. Gas pockets and inclusions, in 
most cases, have an undesirable effect upon the physical properties of metals. 
Gases are sometimes retained in solution in the solid metal and subsequently 
precipitated as the oxide or nitride. The effect of gas in this form 1s not well 
known. Considerable attention has been given to the development of analytical 
methods for determining oxygen, nitrogen, and hydrogen in ferrous metals. 
These methods are sometimes applicable to non-ferrous metals. The vacuum 
fusion method determines the total amounts of these gases, whereas the residue 
methods are used to identify oxide inclusions. 


Introduction 


The general appearance and physical characteristics of metals are not 
readily associated with the fact that they may contain elements such as 
oxygen, nitrogen, and hydrogen. These elements usually are absorbed 
from gases or compounds containing them during some stage of the refin- 
ing process, frequently being absorbed in sufficient amounts to make 
further refining necessary. Throughout the paper the terms absorbed, 
or dissolved, gas refer to the gaseous elements, either free or combined, 
which are dissolved in the metal. Gases may also be present in blow- 
holes or combined in inclusions which exist as separate phases in the metal. 
Inclusions may result from mechanical entrapping of portions of the slag 
layer or from the precipitation of compounds from solution in the metal. 
Metals which contain gas pockets are obviously inferior to sound homo- 
geneous metal. Non-metallic inclusions create discontinuities in the 
metallic structure and therefore may affect the properties of the metal. 
If dissolved gas is retained in the solid metal and subsequently precipitated, 
for instance, as the oxide or nitride, the effect on the physical properties 
may be pronounced. 


Significance of Oxygen, Nitrogen, and Hydrogen in Metals 


Oxygen, nitrogen, hydrogen, and compounds of these elements frequently 
are dissolved in relatively large amounts by molten metals. These ele- 
ments then may be more or less liberated as gases or non-volatile com- 
pounds by subsequent reactions which are caused by slight changes in the 
composition of the molten metal. However, a more important means by 

* Publication approved by the Director of the Bureau of Standards of the U. S. 


Department of Commerce. 
** Assistant Chemist, Bureau of Standards. 
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which these elements are liberated is found in the decrease in the solubility 
of their compounds in solid metal as compared to molten metal. This 
means that considerable gas or slag compounds will be liberated during the 
process of solidification. 

A discussion of the three metal-gas systems, iron-nitrogen, copper- 
oxygen, and aluminum-hydrogen, will be used to illustrate some of the 
problems involved in a study of “gases in metals.’’ Iron, copper, alumi- 
num, and alloys in which these metals are predominant make up a large 
part of the useful meta! products. The alloys of these three metals 
having the widest industrial application, as for example steel, brass, 
bronze, and aluminum-copper alloys, in the molten state, generally have 
specific solubilities for oxygen, nitrogen, hydrogen, or compounds of these 
elements. 

Liquid iron at the melting point will dissolve approximately 0.22 per 
cent of oxygen by weight, whereas solid iron saturated at ordinary tempera- 
tures contains approximately 0.04 per cent. The significance of this 
apparently small amount of dissolved gas, in relation to the formation of 
gas pockets, is more readily apparent if the respective densities of the metal 
and gas are considered. It is then evident that the difference between the 
amount of oxygen soluble in liquid iron and that soluble in solid iron corre- 
sponds to a volume of oxygen, N.T.P., equal to 50 or more times the volume 
of the iron. If this amount of oxygen were liberated near the melting 
point of iron, the volume of gas liberated would be 200 or more times the 
volume of the iron. Actually, this oxygen is precipitated in the form of 
iron oxide inclusions. 

The gas pockets and inclusions frequently found in commercial steels are 
largely caused by oxygen or some compound of oxygen dissolved in the 
liquid metal during some stage in the refining process. If the composition 
of the liquid steel is carefully controlled with respect to manganese, silicon, 
and aluminum, the amount of gas evolved during solidification can in turn 
be controlled. The descriptive terms, such as “wild,” “‘rimming,”’ “‘rising,” 
and “‘dead killed,” often applied to steels in the plant owe their origin to the 

amount of gas evolved during solidification. Manganese, silicon, alumi- 
num, and similar metals readily combine with the dissolved oxygen, and the 
oxygen so combined is not liberated in gaseous compounds during solidifi- 
cation of the metal. This combination of oxygen in a non-volatile form, 
therefore, aids in controlling gas evolution. Most of the insoluble oxides 
formed by deoxidizers are removed as slag but some are always trapped in 
the solid metal. The oxides thus trapped affect the ductility, toughness, 
and strength of the steel. The careful use of deoxidizers in liquid steel has 
permitted sound metal to be made with a minimum amount of non-metallic 
inclusions. However, it has been shown that a measurable amount of dis- 
solved oxygen is usually retained, particularly in mild steels and ingot iron. 
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Dissolved oxygen in the above sense means the total oxygen in solution in 
the metal. 

It has been shown that mild steels and ingot iron contain measurable 
amounts of oxygen and nitrogen which may be precipitated and subse- 
quently dissolved depending upon the treatment of the metal. A decrease 
in solubility results in precipitation of part of the oxygen or nitrogen, as 
iron oxide or nitride, and permits the oxygen or nitrogen to be evenly dis- 
persed throughout the metal in very small particles of iron oxide or nitride. 
The phenomenon of small particles being precipitated in solid metals is the 
basis of the theory of precipitation hardening. The hardening and in- 
crease in tensile strength of mild steel or ingot iron on aging or low-tempera- 
ture annealing, particularly after mechanical deformation, is considered by 
some as being caused by precipitation hardening. This combined form of 
oxygen and nitrogen has been shown to affect the magnetic properties of 
mild steel and ingot iron. 

Liquid copper dissolves approximately 0.5 per cent of oxygen by weight 
near the melting point. The dissolved oxygen lowers the melting point of 
copper forming a copper-cuprous oxide eutectic. It is easier to control the 
oxygen content of copper than that of steel. The liquid copper is usually 
deoxidized in the furnace at the smelter by a “‘poling”’ process, in which the 
metal is kept stirred with a pole of green wood. The gases liberated by the 
charring wood react with the dissolved oxygen to form insoluble gaseous 
products which escape from the molten metal. Liquid copper or its alloys 
may be prevented from absorbing oxygen from the furnace gases by keep- 
ing the melt covered with coke. The coke reacts with the oxygen of the 
furnace gases to produce carbon monoxide which is relatively insoluble in 
copper. Tin and zinc lower the solubility of oxygen in copper but not 
sufficiently to prevent the necessity of sometimes having to use deoxidizers 
such as phosphorus and silicon. Deoxidizers are used with brasses and 
bronzes more to eliminate the oxygen from the solid metal than to control 
gas evolution as in the deoxidation of steel. 

There is a specific solubility of hydrogen in liquid aluminum which may 
at times be a source of trouble. If liquid aluminum or an aluminum- 
copper alloy is kept in contact with hydrogen, or gases containing hydrogen, 
porous castings may result. In cases where difficulty has been encoun- 
tered, sound castings of aluminum alloys have been made by first allowing 
the metal to solidify with as much evolution of gas as possible, then re- 
melting and casting immediately. During the remelting special precau- 
tions are taken to prevent gases containing hydrogen from coming in con- 
tact with the metal. 

It is obvious from the foregoing that the production of sound castings 
may be made difficult by the solubility of oxygen, nitrogen, or hydrogen. 
In addition to the solution of these elements in liquid metals, there are 
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conditions or processes in which the solid metal absorbs enough oxide, 
nitride, or hydride to alter some of the properties of the metal. 

The surfaces of steels, especially alloy steels containing chromium and 
aluminum, may be hardened by the absorption of nitrogen to form iron 
nitride (Fe,N) in a manner similar to the surface hardening of steels by the 
absorption of carbon to form cementite (FesC). “‘Nitriding’’ ordinarily is 
accomplished by exposing the steel to an atmosphere of ammonia at a 
temperature of approximately 500°C. for a period of time of 10 to 90 hours, 
The depth to which the steel is penetrated by nitrogen is usually 0.1 to 0.5 
millimeters. The case developed in nitrided steels is harder than that in 
carburized steels and will maintain its hardness up to approximately 300°C, 
Steels having this property are particularly adaptable to high-pressure 
steam valves. 

Metals which have been treated with acids or have been electrodeposited 
sometimes absorb sufficient hydrogen to affect their physical properties. 
Hydrogen embrittlement of metals sometimes occurs in pickling processes, 
in which the metal is treated with an acid to remove scale. Electrolytic 
iron, when first deposited, is brittle and hard on account of the relatively 
large amounts of hydrogen which it contains. Some of the imperfections 
shown by electroplated chromium and nickel have been attributed to 
hydrogen-absorbed during plating. 

In addition to the effect of absorbed nitrogen and hydrogen on some 
solid metals, it has been shown recently that some steels absorb oxygen as 
well as carbon when case-hardened by the pack carburizing process. The 
absorption of oxygen forms the basis of a hypothesis advanced by M. A. 
Grossman in the Fifth Campbell Memorial Lecture of the American Society 
for Steel Treating to explain the abnormal behavior of some steels during 
carburization. Briefly, this hypothesis is: the absorbed oxygen greatly 
increases the rate of diffusion (approximately 5000 times the normal rate) 
of cementite, thereby permitting the cementite to agglomerate during the 
cooling of a carburized steel. The migration and agglomeration of ce- 
mentite leaves relatively large masses of ferrite forming the ‘‘abnormal” 
structure instead of the usual pearlitic structure found in those steels 
referred to as ‘‘normal steels,” as distinguished from the above-described 
“abnormal steels.”’ 


Methods for the Study of Oxygen, Nitrogen, and Hydrogen in Metals 


Both producer and consumer have studied the effect of oxygen, nitrogen, 
and hydrogen as constituents in metals. We have seen that these elements 
may exist in metals in several forms, namely, as gas pockets, in inclusions, 
and in solution. In most cases their presence has an undesirable influence 
on the physical properties of the metal. The consumer has studied the 
effect of these constituents upon the physical properties of the metal, 
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whereas the producer has studied them from the viewpoint of their effect 
upon his ability to produce sound metal free from gas pockets and inclu- 
sions. Both have been handicapped in their investigations by a lack of 
reliable analytical methods whereby the amount and form of oxygen, 
nitrogen, and hydrogen may be accurately determined. 

The determination of these constituents in metals is still largely in the 
development stage. However, methods for the determination of the 
oxygen-content of copper are extensively used in plant control work. The 
development of methods for the determination of the amount and com- 
position of the oxygen, nitrogen, and hydrogen contents of ferrous metals 
have received probably the greatest amount of attention. These methods, 
applicable in some cases to other metals, may be conveniently classified 
into methods which determine the total amount of these constituents, and 
methods which determine their form or composition. Examples of the 
former are the vacuum fusion and hydrogen reduction methods for oxygen, 
and of the latter are the residue methods for oxide inclusions. 

The hydrogen reduction and vacuum fusion methods consist essentially 
in converting the oxides in the metal to gases which may be subsequently 
recovered and the amount determined by analysis. The hydrogen reduc- 
tion method, which is easily applicable only to low-carbon steels, recovers 
the oxygen present in the steel as a solid solution or from the easily re- 
ducible oxides such as ferrous oxide, and perhaps a small amount from iron- 
manganese silicates which contain relatively little silica. The vacuum 
fusion method determines the total nitrogen and hydrogen contents as well 
as the oxygen. The sample is fused in a graphite crucible which is heated 
to 1600-1650°C. in a vacuum furnace. Carbon monoxide, nitrogen, and 
hydrogen are liberated from the sample, and are extracted by means of a 
vacuum pump, and collected in an analytical train designed for their 
determination. The method, as a whole, is the best one available at 
present for determining the total oxygen, nitrogen, and hydrogen in irons 
and steels. However, even this method yields low results for oxygen when 
appreciable amounts of difficultly reducible oxides, such as alumina, are 
present in the sample, particularly if manganese also is present. 

There are numerous residue methods for determining oxide inclusions in 
ferrous metals. In these methods, the metal is separated from the non- 
metallic portion or residue, which is then subjected to chemical analysis for 
the determination of oxides such as silica and alumina. The residue 
methods are usually distinguished according to the means employed to 
remove the metal. In the iodine method the metal is dissolved by an 
iodine-iodide solution; in the electrolytic method it is removed by elec- 
trolysis; and in the chlorine method it is volatilized as the chloride. These 
methods are not applicable to all types of ferrous materials. Frequently, 
ferrous materials contain other inclusions which contaminate the oxide 
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residue. When this occurs, the analyses of the residue for oxides become 
more involved and the results are less accurate. The residue methods 
generally will give accurate results for the silica and alumina contents of the 
residues obtained from plain carbon steels. 

The analytical methods for the determination of the oxygen content of 
ferrous materials might be summarized as follows: the vacuum fusion 
method gives the total oxygen; the hydrogen reduction method, that con- 
tained in easily reducible oxides; and the residue methods, that contained 
in the difficultly reducible oxides. These methods are applied with best 
results to plain carbon steels containing less than 0.3 per cent carbon. 

The research work on oxygen, nitrogen, and hydrogen in metals does not 
consist altogether in the development of analytical methods, whereby the 
amount and composition of these constituents might be correlated with 
their effects on the physical properties of the metal. Considerable work 
has been done to determine the manner in which these constituents were 
introduced into the metal. The solubility and rate of diffusion for many 
of the metal-gas systems have been investigated. These measurements in 
most cases follow a simple relationship. The solubility of a gas in a metal 
is proportional to the square root of the pressure, and increases with an 
increase in temperature. A similar relationship is shown by the rates of 
diffusion. This relationship indicates that, in general, gases are com- 
pletely dissociated when dissolved by a metal and exist in solution in some 
monatomic form; for example, oxygen would exist in silver as atoms or in 
combination as silver oxide. 

Recent work has indicated that an equilibrium exists between the rela- 
tive amounts of carbon monoxide and dioxide in contact with the melt, and 
the relative amounts of carbon and oxygen dissolved in the liquid iron. 
Reactions between metals and gases composed of more than one element do 
not permit solubility measurements to be made by simple absorption 
methods. For instance, it would be impossible to measure the solubility 
of carbon monoxide in steel, steam in copper, or methane in aluminum by 
exposing the metal to these gases and measuring the absorption. Metal- 
gas systems of this type are better understood when viewed as a part of the 
more complete system in which each element is a component. Metal-gas 

systems become very complex when the metal contains soluble constituents 
which also react with the gas, as each constituent then must be regarded as 
an additional component. In refining processes, such as the open-hearth 
process for steel, the system describing the réle played by oxygen, nitrogen, 
and hydrogen is very complex and obviously involves the physical chemis- 
try of the whole process. 
Summary 

Many metals, while in the liquid state, dissolve more oxygen, nitrogen, 

or hydrogen than can be retained in solution in the solid metal. This re- 
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sults in the formation of gas pockets or non-metallic inclusions in the solid 
metal. The study of reactions which determine the oxygen, nitrogen, and 
hydrogen contents of the liquid metal therefore is important in determining 
the amount and manner in which these elements may exist in the solid 


metal. 

The effects of gas pockets and non-metallic inclusions on the mechanical 
properties of the metal are readily understood. The effects of relatively 
small amounts of oxygen, nitrogen, or hydrogen which may exist in solution 
in the apparently sound metals are less obvious, and it is only recently that 
the importance of these small amounts, in certain cases, has been recog- 


nized. 

The available methods of analysis are not entirely satisfactory for the 
determination of the amount and manner in which oxygen, nitrogen, or 
hydrogen may exist in commercial metals. The vacuum fusion, hydrogen 
reduction, and residue methods permit an estimation of the amount and 
manner in which oxygen may exist in plain carbon steels. 
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Magnet has no attraction for hot iron. Although more than 300 years ago 
scientists knew that a red hot piece of iron is not attracted by a magnet, in the interven- 
ing years they have learned little more about the effect of heat on magnetic properties of 
metals. One of the latest researches in this subject was reported before the American 
Society for Steel Treating recently by Raymond L. Sanford of the U. S. Bureau of 
Standards, Washington. 

Mr. Sanford has found that heating speeds up magnetization at first, but later, as 
a piece of iron becomes more thoroughly magnetized, it slows down the process. In 
fact, there is a definite temperature beyond which it is impossible to make a piece of iron 
respond to magnetism. This temperature was determined by Mr. Sanford’s tests to be 
about 1490 degrees Fahrenheit.—Science Service 
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EDUCATION FOR COMMERCIAL RESEARCH 


Francis J. Curtis,* Merrimac Cuemicar Co., Inc., Boston, MASSACHUSETTS 


Education has three functions: 


1. To inspire the desire to know. 
2. To teach how to learn. 
3. To inculcate facts. 

These principles are used in the teaching of commercial research which is 
that branch desired to show the business value of a proposal. A typical case is 
outlined from which is deduced the equipment necessary and the personal 
characteristics desirable for those who would engage in commercial research. 

Commercial research is shown to be the codrdination of all the developmental 
efforts, technical, economic, and financial toward a decision. 


Whether it be for commercial research or philosophy the function of 
education is, first, to create the desire to know, second, to teach the method 
of learning, and quite lastly to inculcate facts. With special variants for 
each, these principles apply to all subjects and commercial research is no 
exception. 

By commercial research is meant the process of investigation leading to 
the determination of the business value of a proposal. In the chemical 
field to which we shall confine ourselves it undertakes the correlation of all 
the aspects of a problem, of which the strictly chemical research is only one, 
to the end of final decision. It issynthetic, codrdinating, and all-inclusive. 
It must take the broad view: chemical, engineering, economic, and human. 

Commercial research, then, requires both investigation and decision. 
Investigation must be careful of the truth and thorough but not overdone. 
Cultivation of judgment and the ability to crystallize are necessary that 
decisions may be reached in a reasonable time. 

What of the importance of commercial research? Its functions have 
been performed in some manner in all businesses, but the complete develop- 
ment into a specialized department making all-round studies from the raw 
material, market, chemical, engineering, and financial aspects have been a 
more recent growth. We are in a period of overcapacity and consequently 
intense competition. Mistakes tolerated in boom times cannot be excused 
now. The miniature golf course of 1930 is a good example of the lack of 
market research and the hysteria of initial success. Much is heard of a 
planned economy: commercial research is the planning board of the 
individual industry. 

This very idea interests the student: a national planned economy is 
obviously so very desirable and so hard to attain. Here, in commercial 
research, is the opportunity to introduce planning into the smaller units of 


* Director of Development. 


55 

















56 JOURNAL OF CHEMICAL EDUCATION JANUARY, 1932 
which the large is composed. What is difficult to do nationally under 
present circumstances might be accomplished more easily if planning were 
carried out in all the subdivisions first. So have great nations grown from 
small ones. 

Commercial research is creative. From ideas, through study and 
thought, are born new industries, new methods of satisfying the wants of 
man. The satisfaction of him who brings forth a statue is rivaled by the 
creator of new chemicals rendering better service to industry and humanity. 
For the ambitious, few paths offer a more direct route to executive positions. 
The experience gained in so many fields, all necessary to the conduct of a 
business, is invaluable. These problems must in their turn be looked at from 
the standpoint of production, of sales, of research, and of finance. In no 
other spot short of the chief executives are these points of view brought 
together. Broadness of subject, lack of routine, constant variety lend a 
pleasure to commercial research little found in this specialized era. 

Such considerations must be used to awaken and keep lively the desire 
to know. From this discussion it is obvious that to learn commercial 
research certain tools will be necessary. The student must know how to 
investigate and how to come to a decision and his training must be de- 
signed to these ends. For both will be necessary chemistry and economics 
with a definite amount of accountancy. A fair proportion of certain 
characteristics, given or acquired, will be almost imperative. Imagination, 
initiative, ability to make friends, the knack of presenting technical facts to 
the non-technical mind, the faculty of correlating work in different fields, 
and of carrying through are some. Above all, decision must be cultivated 
by the constant making of judgments. Many companies require that each 
writer of a report present his vote on the question as if he were the final 
executive. 

To develop these characteristics the case system so successful in other 
fields would seem to be the best. Developing the student’s mental qualifi- 
cations will be far more helpful than filling him with facts. Such a problem 
as to whether it would be advantageous for a company to go into the 
manufacture of acetic acid has, besides the ordinary questions of raw ma- 
terials and sales possibilities, the inquiry into how acetic acid is to be made 
in the future, the situation of the wood distillation industry, menaced on the 
one hand by synthetic acetic acid from calcium carbide and on the other 
hand by synthetic methanol made as a by-product either from the same 
carbide, from butanol or from ammonia. The problem therefore involves 
an estimate of the future of these industries, as well as the probabilities of 
synthetic manufacture of acetic acid not only from calcium carbide but 
from acetylene from other sources, from methane or alcohol. The interest 
is enormous. In each subpart of the question investigation and decision 
play a part. 











» 1932 


inder 
were 
from 


and 
ts of 
the 
lity. 
ons. 
of a 
rom 
1 no 
ight 
da 


sire 
cial 
' to 
de- 
1ics 
ain 


al 








Voi. 9, No. 1 EDUCATION FOR RESEARCH 57 


Let us take, therefore, the general outline of a case in the actual practice 
of commercial research as applied to the chemical industry. 

Ideas for investigation may be of many sorts: they may deal solely with 
production, may involve new processes for manufacturing, new uses for 
products involving research and market studies or new products themselves, 
either related or unrelated to the present ones. In fact new products 
involve practically all the branches of commercial research. 

The quest for new ideas dominates development. As older products 
become more standardized and therefore approach the conditions of staples 
there is a constant pressure for new things where a greater margin between 
price and cost may be enjoyed. Here is where commercial research can 
serve. Attuned to sense market and industrial trends, in contact with 
other development leaders and familiar through constant reading of the 
current technical literature with modern tendencies, the commercial re- 
search worker is best in a position to supply that stream of ideas which is 
the lifeblood of development. Suggestions from both research and produc- 
tion staffs should be stimulated to swell this stream. Many new ideas are 
obtained from outside proposals and from consultants retained in the 
various fields in which they are specialists. 

Assuming that the project involves the manufacture of a new product, a 
study must be made of raw materials, their location, cost, and quality, the 
dependability of supply, and the diversity of suppliers. For this is needed 
an armament of statistical information gathered from government bulletins, 
technical publications especially in their yearly reviews, trade associations, 
consultants, and private sources. All lead to a determination of the 
advantages of the company with reference to its competitors. 

Next, marketing conditions must be determined. The quantity that 
can be sold and the price that can be obtained fix the size of the operation. 
The sources of information except for individual contacts with consumers 
are the same as those above since, for the most part on this field, the finished 
product of one manufacturer is the raw material of another. The effect 
of competitors and their relationship has an important bearing and some- 
times stops the problem at this point. An important guide to further 
investigation is the determination of the quality necessary for the market to 
be reached or conversely, the market which can be obtained for a certain 
quality. Most important is an intelligent estimate of future market trends 
in the field: is the consuming industry a growing one, does it show any signs 
of moving to locations less favorable to the marketing concern, will the 
product in question continue in use or be displaced by another? These 
questions call for intelligent guessing, not the least important function of a 
commercial research department. 

Having fixed raw materials and markets it is usually possible to calculate 
roughly costs, investment, and possibility of profit thereon. If these are 
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favorable, the project is given over to technical research to establish the 
details. Here often hidden causes of failure are brought out especially in 
the pilot plant or half-large scale stage. When the technical research 
can put together the necessary information, the engineering department 
designs the plant and makes an estimate of its cost. 

At this point the correlative function of commercial research comes into 
play. All the factors are in hand for a detailed recalculation of the rough 
costs first made out and the compilation of a final report to the manage- 
ment. 

This final report, the peak of all this striving, should show why the 
company should be interested in the product in question, how much can be 
sold, the cost of manufacture, the investment required, and the expected 
profit on that investment, and lastly the risk of technological obsolescence. 
Too much stress cannot be laid on completeness with brevity and on the 
handling of technical subjects with English intelligible to the usually non- 
technical executive. 

From this complete example—and many investigations are cut off far 
short of this completeness—may be easily deduced what the student 
entering commercial research should know. His course should contain, 
besides the elementary inorganic chemistry, qualitative and quantitative 
analysis, organic, theoretical, and physical. His study of economics should 
lean particularly to marketing and statistical analysis. For accounting he 
must know the mechanism and limitation of cost calculations and the 
intelligent judgment of their assumptions. Facts should be acquired 
concerning the costs of such things as steam, power, water, and so forth 
under different conditions. Critical reading of financial statements is 
necessary in the estimation of competitors’ possibilities or in reporting on 
possible purchases. Lastly as the material aim of commercial research is a 
report, clear concise English of good quality will aid in selling the idea to 
the executive for whom it is prepared. 

Education, then, should begin with the raw material of personality and 
build into that personality a fair proportion of the characteristics which 

have been mentioned. The desire to know must be aroused; in this as in 
other fields is required continuous study and wide-awake knowledge. Cer- 
tain tools are necessary: chemistry, economics and accounting, imagination 
to grasp ideas and to sense their commercial value, initiative to carry 
through investigations, diplomacy to correlate the various investigational 
activities, and sales ability to convince the management. These things 
accomplished, particular facts will be taken in the stride. 


You don’t know that you can fail until you have tried —FRANK T. GREEN 








1932 


the 
y in 
arch 
lent 








ORGANIC CATALYTIC REACTIONS 


James A. MITCHELL, THE JOHNS HOPKINS UNIVERSITY,* BALTIMORE, MARYLAND 


One of the most active fields in experimental chemistry 1s that of organic 
catalysis. Several reactions of this type are of interest not only to the chemist, 
but also, because of their development into reactions of industrial importance, 
to the sympathizer with chemical endeavors. The methanol synthesis seems 
to have been rather completely outlined in the available literature. A survey 
of this reaction is presented from the time of Patart to the present, as well as a 
consideration of the synthesis of higher alcohols from carbon monoxide and 
hydrogen, the high-pressure hydrogenation of coal and petrcleum, and the 
vapor phase oxidation of benzene to maleic anhydride, of naphthalene to 
phthalic anhydride, and of anthracene to anthraquinone. Organic catalysis, 
especially those reactions involving the use of high pressure, is one of the most 
important practical fields of the day and numerous developments along this 
line may be expected in the near future. 


The amount of work that has been done or is being done in organic 
catalysis is enormous. It would be a Herculean task indeed even to 
attempt to cover the activities in the field at the present moment. All 
except the most recent work is readily available in the numerous and ex- 
cellent books on the subject (1). It is the purpose of this paper to survey 
a few important organic catalytic reactions that have been the object of 
recent interest. 

Ever so often a new material is added to the list of active hydrogenation 
catalysts. Thus within fairly recent years Brown and Henke (2) have 
indicated that tin is an active catalyst for the hydrogenation of nitro- 
benzene, peculiarly enough at a temperature above its melting point. 
Williams (3), however, has shown that this catalyst is probably covered 
with a surface film of oxide and that tin oxides are effective in the reduc- 
tion of nitrobenzene, while molten tin is not. Interesting additions to 
the list of hydrogenation catalysts are the alkali metals. Guyot (4) has 
investigated the reduction of naphthalene in the presence of potassium 
and sodium. Naphthalene is readily hydrogenated to tetralin in the 
presence of sodium at 300° and 100 atmospheres of hydrogen pressure, 
provided the materials are dry. Potassium is a poor catalyst, but sodium- 
potassium alloys are exceptionally active. These catalysts are insensitive 
to the usual poisons and, as the metals are molten at the hydrogenating 
temperature, vigorous agitation or the addition of magnesium oxide or 
infusorial earth is beneficial. Cusmano (5) has also studied the activity 
of alkali metals in hydrogenation. Hill and Kistiakowsky (6) have at- 
tempted to determine whether or not the mechanism of this reaction, 
with metallic cesium, involves intermediate compound formation of the 
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hydride. It was found that the hydride really acts as a poison by cover- 
ing the free metal surface. Only hydrogen adsorbed on the metal surface 
is concerned in the reaction. Pease and Stewart (7) have shown that 
calcium hydride is much less effective than calcium in the hydrogenation 
of ethylene. Adkins and Connor (8) have found that copper chromite 
is an efficient hydrogenation catalyst except in reactions involving cyanides 
or the benzenoid nucleus. In contrast with nickel, this material is not 
readily poisoned by sulfur or halogen compounds. Zinc chromite is less 
active. 

Escourrou (9) has been active in studying selective hydrogenation under 
reduced pressure. Under these conditions the activity of a catalyst is 
decreased, but the removal of the reduction products is facilitated. Under 
reduced pressure in the presence of platinum the double bond in certain 
unsaturated higher alcohols may be hydrogenated without affecting the 
alcohol group, but at atmospheric pressure saturated hydrocarbons are 
obtained. 

The Methanol Synthesis 


The syntheses of ammonia and methanol have been the first high-pres- 
sure catalytic reactions to be conducted on a commercial scale. The 
ammonia synthesis has been discussed previously in the JOURNAL OF 
CHEMICAL EpucaTION (10). The older method of obtaining methanol 
by the destructive distillation of wood is gradually being displaced by 
synthetic methanol obtained by the hydrogenation of carbon monoxide 
and it will not be long before this latter process will constitute the sole 
source. In the earliest efforts synthetic methanol was produced as a by- 
product in the ammonia synthesis (11). Because of its commercial 
importance the methanol synthesis has been one of the most intensively 
studied organic catalytic reactions. 

Carbon monoxide and hydrogen may react in any of the following ways: 

(1) CO + 3H, = CH, + H20 + 50,000 cal. 
(2) 2CO + 2H, = CH, + CO2 + 60,000 cal. 


(3) CO +5 HCHO + 2000 cal. 
(4) CO + 2H, = CH;OH + 25,000 cal. 


| 


The free energy decrease involved in the production of methanol is 
less than in methane. Moreover, the methanol reaction involves the 
largest volume decrease. Thus not only must catalysts be used that are 
capable of selectively promoting the methanol reaction, but high pres- 
sures are necessary in order to shift the methanol equilibrium to the right 
and also to disfavor the methane reaction. The speed of the reaction is 
so slow at low temperatures that even with the best catalysts a temperature 
as high as 300° is necessary. 

Patart (12) in 1924 reported that zinc oxide was an effective catalyst 
for the formation of methanol from carbon monoxide and hydrogen. He 
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had observed that in the presence of this material methanol was decom- 
posed into carbon monoxide and hydrogen and reasoned that it should 
also be effective in the reverse reaction. It was soon found that mixed or 
promoted catalysts were more effective. The original Patart process 
used catalysts consisting of copper and zinc oxide at temperatures of 400— 
420° and at pressures of 150 to 250 atmospheres. Later the use of chro- 
mates, manganates, molybdates, and tungstates was patented. It is 
also claimed that sub-oxides of vanadium, manganese, tungsten, lead, 
and bismuth are effective catalysts. 

Audibert and Raineau (13) have made a comprehensive study of meth- 
anol catalysts. Oxides of aluminum, silicon, molybdenum, vanadium, 
tungsten, titanium, magnesium, calcium, strontium, barium, and copper 
were found to be inactive. Active oxides were those of cerium, uranium, 
beryllium, zirconium, manganese, chromium, and zinc. Reduced copper 
and zinc oxide were the most effective catalysts studied. Iron, cobalt, 
nickel, platinum, and palladium, although they were effective in decom- 
posing methanol, favored side reactions in the synthesis, such as the for- 
mation of methane. Catalysts used at the present time are usually 
mixtures of zinc oxide, chromium oxide, and copper. Taylor and Kistia- 
kowsky (14) have shown that a mixture of zinc and chromium oxides 
exhibits a greater adsorptive capacity for carbon monoxide and hydrogen 
than does zinc oxide alone. Their results indicated that carbon dioxide 
and water vapor act as poisons for the methanol synthesis. Contrary 
to this Smith and Hawk (15) and Plotnikov and Ivanov (16) have found 
that carbon dioxide does not act as a poison even though it is strongly 
adsorbed by the catalyst. Fenske and Frolich (17) have studied mixed 
catalysts of zinc oxide, chromium oxide, and copper. Such catalysts are 
not only more efficient, but less susceptible to poisoning. The copper 
is completely reduced, zinc is partially reduced, and chromium is reduced 
to the sub-oxide. ; 

Huffman and Dodge (18) have shown that there is a parallelism between 
synthesis and decomposition over a series of zinc-chromium catalysts. 
Storch (19) states that the addition of chromium oxide to a zinc oxide 
catalyst increases the activity of the catalyst for the synthesis of methanol, 
but does not affect its activity in regard to decomposition. Frolich, Fenske, 
Perry, and Hurd (29) have shown that traces of sodium hydroxide or ni- 
trate caused copper catalysts to lose their activity above the melting point 
of the occluded salts. These workers have also compared the properties 
of certain catalysts precipitated by ammonium and sodium hydroxides. 
The latter catalysts favor the production of methyl formate rather than 
formaldehyde in the decomposition of methanol. The presence of oc- 
cluded alkali salts can account for the divergent results of workers in this 
field. Brown and Galloway (21) have compared the activity of zinc 
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oxide, basic zinc chromate, and normal zinc chromate. The last two are 
the most active under conditions of high temperature and pressure, the 
normal chromate being the most active. Lewis and Frolich (22), because 
of the exothermal nature of the reaction, found it beneficial to support 
the catalyst on a good heat conductor such as granulated copper to pre- 
vent local overheating. They observed, as previously noted by Rogers 
(23), that zine oxide, ordinarily non-reducible, is partially reduced when 
in contact with copper. 

Quite naturally numerous efforts have been made to calculate and ex- 
perimentally determine the equilibrium position of the methanol reaction. 
Kelley (24) published the first calculation using the best available thermo- 
dynamic data. Later Smith (25) and also Francis (26) repeated the calcu- 
lation using different data, but obtaining essentially the same result. 
Recently Kelley (27) has recalculated the free energy and equilibrium 
constant of the reaction using better data. All calculations lead to values 
for the equilibrium constant which are far from agreement with the ex- 
perimental results. The experimental results of the workers in the field, 
however, agree very well among themselves even though very different 
conditions were used (28). 

Ghosh and Chakravarty (29) measured the equilibrium constants for 
the two reactions: 

CH;OH = HCHO + Hz 

HCHO = CO + He 
and from this data were able to calculate a value for the equilibrium 
constant for the methanol reaction. The value of their work is question- 
able as the results disagree with all others—either calculated or experimental. 
Christiansen (29A) studied the reactions: 

HCOOCH; + 2H: = 2CH;0H 

CH;0H + CO = HCOOCH; 
and from these determined the methanol equilibrium constant. Recent 
work has shown that Christiansen’s results are probably very near the 
truth, although at the time his results were not accepted as accurate, 
mainly because he himself was of the opinion that the experimental error 
might be very great. 

Brown and Galloway (30) and Audibert and Raineau (31) have stated 
that the Nernst approximation formula gives results in agreement with 
those obtained in high-pressure synthesis. An idea of the relative agree- 
ment between the various methods of calculation may be obtained from 
the following figures; according to Kelley’s data the equilibrium constant 
( [CH;OH] 

[CO] [He]? 
is 10.6, according to Christiansen’s equilibrium data, 0.055; from the 
Nernst approximation formula a value of 0.042 is obtained. 


= K, partial pressures expressed in atmospheres) at 200° 








VoL 


of | 
wit 
als 
cot 
La 
riu 
TI 


res 


on oO a 





1932 


are 
the 
juse 
ort 
re- 
ers 
1en 








Vor. 9, No. 1 ORGANIC CATALYTIC REACTIONS 63 


Smith and Branting (32) have recently made a direct determination 
of the equilibrium constant at atmospheric pressure which is in fair accord 
with other experimental results. Newitt, Byrne, and Strong (33) have 
also published data on the direct determination of the equilibrium 
constant at 100 atmospheres approaching equilibrium from both sides. 
Lacy, Dunning, and Storch (34) have re-determined the equilib- 
rium constants for the reactions in which Christiansen was interested. 
Their results, although considerably more accurate, check well with 
Christiansen’s. Wettberg and Dodge (35) are of the opinion that the 
results of the last two investigations mentioned are low because side re- 
actions were not taken into account. Their results are slightly higher 
after taking care of this factor. According to Smith and Hirst (36), 
Roth has redetermined the heat of combustion of methanol and upon 
combining this with Kelley’s specific heat data a value for the equilibrium 
constant is obtained which is in good agreement with Smith and Brant- 
ing’s experimental value. Thermodynamic methods may be exact and 
rigorous, but one must remember that thermodynamic calculations are 
no better than the data on which they are founded. The use of the ‘‘best 
available data’ is not necessarily indicative of accuracy—calculations 
are most reliable when they are verified experimentally. 

There is no doubt but that formaldehyde is the primary product in the 
decomposition of methanol (37). It has been found (38) that with mixtures 
of zinc oxide and copper the most efficient catalysts are obtained when 
zinc oxide is present in excess. The decomposition of methanol proceeds 


as follows: 
CH;0OH 


4 
a 8 + H: 


¥ Y 
'/s HCOOCH; CO + He 





The catalyst most effective in the formation of carbon monoxide is the 
best catalyst for the synthesis. Zinc oxide promoted with copper favors 
the formation of carbon monoxide, while copper promoted with zinc oxide 
favors the formation of methyl formate. 

Some very interesting results have been obtained by an X-ray examina- 
tion of copper-zinc oxide catalysts (39). Materials were examined vary- 
ing in composition from 100% copper to 100% zinc oxide. Each con- 
stituent was present in the same crystalline form as that in which it ordi- 
narily occurred in the normal state. The size of the unit cell of the copper 
and zinc oxide lattice, however, was found to vary. The most important 
point in connection with these constituents is their selectivity in regard 
to the mechanism of methanol decomposition. As has been previously 
stated, copper selectively favors the formation of methyl formate, whereas 
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zinc oxide favors deeomposition into carbon monoxide and hydrogen. 
It was demonstrated that a parallelism existed between variance in length 
of the unit copper cell and the percentage of methanol decomposed into 
methyl formate. A similar relationship existed between the size of the 
zinc oxide unit cell and the percentage of carbon monoxide produced. 
These facts point to an important relation between inter-atomic spac- 
ings in the catalyst and selective catalytic activity. 

Catalysts of zinc and chromium oxides containing less than 50% zinc 
promote side reactions in the decomposition of methanol producing car- 
bon dioxide and unsaturated hydrocarbons (40). Chromium oxide is 
an active water gas conversion catalyst and the formation of carbon 
dioxide can be accounted for on the basis of this reaction: CO + H,O = 
CO, + H:. Smith and Hawk (41) have found that catalysts of this type 
contain zinc and chromium in chemical combination, even after reduction, 
and that they exhibit properties of neither alone. With an excess of 
chromium oxide, the specific action of this catalyst becomes apparent. 

Brown and Galloway (42) have determined the amount of dimethyl 
ether formed as a side reaction in the synthesis in order to determine 
whether or not this might explain the divergence between calculated and 
experimental results. Using normal zinc chromate only a small amount 
of the ether was formed. A copper-chromium oxide catalyst produced 
large quantities of dimethyl ether. 


The Synthesis of Higher Alcohols 


Before Patart had obtained a selective catalyst for the methanol synthe- 
sis the Badische Co., in Germany, had investigated the preparation of a 
mixed hydrocarbon-alcohol fuel, suitable for internal combustion engines. 
Such a material was obtained by hydrogenating carbon monoxide in the 
presence of an iron-alkali catalyst at high temperatures and pressures. 
This product has been called ‘‘synthol.’”’ After heating in an autoclave 
this material is converted to “synthin,” a product containing more hydro- 
carbons and more similar to gasoline. Methanol was obtained from this 
mixture. This process is being thoroughly investigated at the present 
time, the main interest being in the synthesis of higher alcohols. 

Fischer and Tropsch (43) have found that iron is a better catalyst for 
this reaction than either cobalt or nickel. Enough alkali must be present 
to convert the iron to ferrite. Using this catalyst various acids, alco- 
hols, aldehydes, and ketones are formed. From experiments on the hydro- 
genation of carbon monoxide at atmospheric pressure, Fischer and Tropsch 
concluded that the monoxide decomposes, yielding free carbon which 
combines with the catalyst to form a carbide, the latter reacting with 
hydrogen to regenerate the metal with the simultaneous formation of 
methylene groups which polymerize to hydrocarbons. Formaldehyde or 











Vo 


t 


. i eee) ae oe) 6 Oe Se ee eee 





1932 


ren, 
gth 
nto 
the 
ed, 
ac- 


tv 








Vo. 9, No. 1 ORGANIC CATALYTIC REACTIONS 65 


methanol are not intermediate products in the formation of hydrocarbons 
as no oxygen-containing compounds are formed. Jones (44) has concluded 
that his observations in connection with the activation of carbon monoxide 
by charcoal, hopcalite, nickel, and iron offer support for this mechanism, 
Fischer, (45) found that an excess of hydrogen disfavors the forma- 
tion of hydrocarbons and the product consists almost entirely of higher 
alcohols and ketones. He suggests that the mechanism of the reaction 
may be somewhat as follows: 
CO + 2H, = CH;OH 
CH;OH + CO = CH,COOH 
2CH;COOH = CH;COCH; + H20 + COz 
CH;COOH + Hz = CH;CHO + H:0 
CH;CHO + H: = C,.H;0H 
C.H;OH + CO = C2:H;COOH, etc. 


With an excess of carbon monoxide a reaction analogous to the water gas 
reaction may also take place: CO + CsHOH = CO, + CeHisH. 

Smith (46) by thermodynamic calculations has shown that it is easier 
to form the higher paraffin hydrocarbons than the lower members from 
water gas at all temperatures, that there is a greater tendency to form 
aromatic than straight-chain compounds, that lower alcohols cannot be 
formed from water gas at atmospheric pressure and temperatures of 300° 
and above—although, under these conditions, higher alcohols can be 
formed. An increase in temperature disfavors the formation of all of these 
materials. Francis (47) has calculated the free energies of formation 
of nine of the alcohols. Morgan, Taylor, and Hedley (48) state that only 
primary alcohols are obtained with a catalyst containing alkali, although 
previous work had indicated that iso-alcohols were formed in abundance. 
The formation of higher alcohols is favored by the addition of cobalt to 
basic zinc chromate. 

According to Dersin (49) higher alcohols may be obtained from carbon 
monoxide and hydrogen, using a methanol catalyst, provided the rate 
of flow of the reactants is slower than that used in the formation of meth- 
anol. Frolich and Lewis (50) have shown that there is a “critical tem- 
perature” involved in the formation of higher alcohols from carbon mon- 
oxide and hydrogen. The high temperature that must be used in order 
for the reaction to proceed favors side reactions in which carbon monoxide 
is consumed. Oxide catalysts are better than iron-alkali catalysts; the 
latter yielding methane and complex mixtures of oxygenated alphatic 
hydrocarbons as well as straight-chain paraffins. 

Audibert and Raineau (51) have studied the activity of promoted iron 
oxide catalysts for the production of hydrocarbons and alcohols. Me- 
tallic iron alone produces only methane, carbon dioxide, water, and small 
amounts of organic acids. These workers tested Fischer’s ‘“‘carbide 
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theory’ by passing hydrogen over carbonaceous material which had pre 
previously been formed by decomposing carbon monoxide on the catalyst, tha 
No organic liquids were obtained. uct 
Frolich and Cryder (52) recently published an excellent paper on this Th 
subject. They have found that the most effective catalyst for the for- cat 
mation of higher alcohols is a mixture of basic zinc and manganese car- na 
bonates together with potassium chromate. With this catalyst, at least, bee 
the higher alcohols are formed from methanol by a process of stepwise = 
condensation: fo 
2CH;CH = C.H,OH + HO ha 

CH;0H + C:H;OH = C;H;OH + H2O in’ 

2C:H;OH = C,H,OH + HO po 

The controlling reaction is that indicated in the first equation, for ethyl id 
alcohol once formed is rapidly converted to higher alcohols. The catalyst T 
is efficient in promoting the water gas reaction, CO + H2O = CO, + H,, “ 
and thus favors the condensation reaction involving the liberation of of 
water. It is also important to note that an excess of carbon monoxide - 
is necessary for the formation of the higher alcohols and its réle is cleared hi 
up by this mechanism. Although small amounts of esters are produced b 


they are not formed by the intermediate formation of an acid from an 
alcohol and carbon monoxide, CH;0H + CO = CH;COOH, but by the 
condensation of an aldehyde, 2CH;CHO = CH;COOC2H;. Without 
a doubt, if reactions are occurring in accordance with Fischer’s mechanism 
they are taking place only to a minor extent. 

Several investigators have been particularly interested in the prepa- 
ration of higher hydrocarbons from water gas. Elvins (53) has obtained 
olefines and subsequent oxygenated products from water gas using fused 
oxide catalysts. Erdely and Nash (54) have found that cobalt-copper 
catalysts are effective for this reaction. Zinc oxide and alumina act as 
promoters, the former being preferable. An excess of carbon monoxide 
seemed to have an unfavorable effect on the catalyst. Smith, Reynolds, 
Davis, and Hawk (55) have investigated the efficiency of catalysts of the 
iron group in hydrocarbon synthesis. 


The Hydrogenation of Coal and Petroleum 


The preparation of light oils and motor fuels by the catalytic hydro- 
genation of coal, fuel oil, and petroleum residues has become the most 
important modern development in the petroleum industry. In 1913 
Bergius (56) started work on the high-pressure hydrogenation of coal. 
In the original process hydrogen was allowed to react with a mixture of 
pulverized soft coal and heavy mineral oil (the latter was used to pre- 
vent coking) at a temperature of about 450° and a hydrogen pressure of 
several hundred atmospheres. The mechanism of the reaction involves 
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preliminary cracking with subsequent hydrogenation. It was found 
that as much as 85% of some soft coals could be converted to liquid prod- 
ucts.’ Peat, wood, pitch, and heavy oil were found to react similarly. 
The original Bergius process was considered by the inventor to be non- 
catalytic, although he recommended the addition of 5% iron oxide to elimi- 
nate sulfur from the petroleum. The original Bergius process has not 
been a commercial success. The I. G. Farbenindustrie has undertaken 
an intensive investigation of this reaction, paying particular attention 
to operating conditions and the effects of added catalysts. Their efforts 
have been crowned with success. Tropsch (57) has stated that these 
investigations have shown that in hydrogenating crude brown coal it is 
possible to obtain either gasoline, kerosene, gas oil, or lubricating oils by 
varying the hydrogen pressure, velocity of flow, and the catalyst used. 
The reaction can be so controlled that either aliphatic or aromatic hydro- 
carbons may be obtained, either low-boiling or high-boiling, or a mixture 
of both. By controlling the amount of aliphatic hydrocarbons obtained, 
anti-knock fuels may be obtained directly. Fischer and Schrader (58) 
have shown that a mixture of carbon monoxide and steam hydrogenates 
better than pure hydrogen. 

The patent literature is flooded with references to catalysts that may be 
used in this process. Practically every element has been concerned as 
well as numerous references to apparatus made of special materials. Ordi- 
nary hydrogenating catalysts are not very efficient because of the ease 
with which they are poisoned. Graham and Skinner (59) have found 
that ammonium molybdate is an excellent catalyst; nickel and iron oxide 
are less effective. Hlavica (60) has reported that the rate of hydrogena- 
tion is not only increased by true hydrogenating catalysts, such as nickel 
and cobalt, but also by cracking catalysts, such as aluminum, iron, or 
zinc chlorides. Oxides of zinc, nickel, cobalt, and copper are more effec- 
tive than iron. Varga (61) states that iron oxide is a good catalyst. 
Hugel (62) recommends the use of alkali and alkaline earth metals, such 
catalysts being immune to the usual poisons and comparable in activity 
to nickel. Dunstan (63) reports that molybdic oxide and pentamine 
cobaltic chloride act as energetic hydrogenation catalysts; tungstic oxide, 
sodium amide, barium. dioxide, and zinc oxide are not effective. Accord- 
ing to Reichenbach (64) certain sulfides, such as those of iron and cobalt, 
as well as a number of other materials and mixtures, are efficient catalysts. 

The Standard Oil Co. of New Jersey has recently acquired the American 
rights to this process and in codperation with the I. G. Farbenindustrie 
has undertaken an extensive research on the hydrogenation of fuel oil (65). 
Catalysts have been developed for the process which are not only re- 
sistant to sulfur compounds and other poisons usually found in petroleum, 
but are actually able to eliminate the sulfur present. They have been 
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able to convert heavy, high-sulfur, aliphatic crude oils, and refinery resi- 
dues into gasoline and valuable low-boiling materials. In fact, it is pos- 
sible to obtain a volumetric yield of gasoline and gas oil greater than 100%. 
Another important development is the conversion of inferior petroleum 
fractions to high-grade, valuable ones. This process can be so controlled 
as to produce any material that the market may demand and seems, at 
last, to have been placed upon a commercial basis. 


Oxidation Reactions 


Vapor phase oxidation reactions are exceedingly difficult to control and 
it is only by careful regulation of operating conditions that materials 
other than the final combustion products, carbon dioxide and water, are 
obtained. The value of these reactions depends entirely on the inter- 
mediate compounds isolated. Catalysts are the most effective means 
of attaining this end. Naturally enough this field is extremely broad. 
The cheapness and availability of certain hydrocarbons has promoted a 
great deal of research on the oxidation of these materials. Much work 
has been done on the catalytic oxidation of methane to formaldehyde. 
It is said that large quantities of methyl alcohol are produced commercially 
by the catalytic oxidation of natural gas (66). The yields of valuable 
products are, however, extremely small and, as far as formaldehyde is 
concerned, there is little likelihood of this process competing with that 
in which the aldehyde is obtained by the catalytic oxidation of methanol. 
Several oxidation reactions that have developed into ones of great commer- 
cial importance are interesting enough to merit discussion; these involve 
the use of vanadium pentoxide—the most valuable vapor-phase oxidation 
catalyst that has ever been developed. Walter (67) was the first to re- 
port the use of this material as an oxidation catalyst. 

The control of the oxidation of benzene to maleic acid represents a not- 
able achievement. Weiss and Downs (68) have been the foremost in- 
vestigators of this reaction. The oxidation of benzene involves three dis- 
tinct steps; quinone is first formed, then maleic anhydride, and finally 
the latter is completely oxidized to carbon dioxide and water. By properly 
controlling the reaction, 7. e., by employing a suitable catalyst, regulating 
the temperature and other operating conditions, a 40% yield of maleic 
acid may be obtained. The anhydride is hydrated in the process and 
recovered as maleic acid. Probably the bulk of the maleic acid manu- 
factured is converted to malic acid, a material which may readily be sub- 
stituted for citric acid as an acidulant in foodstuffs. Of course the oxi- 
dation of quinone to maleic anhydride can very easily be performed. 
Vanadium pentoxide is the most active catalyst that has been found, 
although molybdenum trioxide is very efficient. The use of various 
other oxides has been patented, although their activity is not comparable 
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with the two mentioned. It is very probable that the mechanism of the 
reaction involves the alternate oxidation and reduction of the catalyst. 

In the vapor phase oxidation of naphthalene, naphthoquinone, maleic 
anhydride and acid, benzoic acid, phthalic anhydride and acid, and com- 
plete combustion products are obtained (69). Phthalic anhydride is 
the major product and under proper conditions a yield of this material 
better than 90% may be obtained with vanadium pentoxide (70). This 
process was originally investigated by Gibbs during the World War, in 
the employ of the United States Government. Vanadium pentoxide is 
a surprisingly sturdy catalyst for this reaction and in commercial opera- 
tions such catalysts have performed month after month of continuous 
service with no decrease in efficiency. Even crude naphthalene has been 
employed with no apparent ill effects. 

Kusama (71) has reported that acidic oxides are the best promoters 
for vanadium pentoxide in the oxidation of naphthalene. Maxted (72) 
has found that tin vanadate is just as effective as vanadium pentoxide at 
a considerably lower temperature. Bismuth vanadate is comparable 
in activity with the pentoxide. 

Vanadium pentoxide is also the best catalyst for the oxidation of anthra- 
cene to anthraquinone (73). Senseman and Nelson (74) have obtained 
yields of 81%, using anthracene and air at 410-25° in the presence of 
vanadium pentoxide catalyst. Their experiments also indicate that in 
this reaction the hydrocarbon is oxidized by the pentoxide and the result- 
ing lower oxide is reoxidized by the free oxygen present. An interesting 
application of the vanadium pentoxide catalyst is described by Jaeger (75). 
There is a great demand for pure anthraquinone for the preparation of vat 
dyes. It has been exceedingly difficult to obtain a pure product from 
crude anthracene in reasonable yields. By selective catalytic oxidation 
at 360-440°, using certain metallic oxides admixed with alkaline earths, 
heterocyclic impurities, paraffin impurities, and aliphatic compounds, 
including phenanthrene, may be burned out, yielding anthracene of high 
purity. The purified material may be oxidized to anthraquinone in the 
same operation using a vanadium pentoxide catalyst. 

A perusal of the subject quickly indicates that organic catalytic chem- 
istry is an experimental field in which practical results are the important 
factor. Work of this sort will continue, improving the chemist’s prepara- 
tional methods, creating and modifying industries, and ultimately en- 
riching all mankind with its mighty benefits. 
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Water molecules form clumps. New evidence that liquid water molecules form 
in clumps of two or more has been presented by Prof. Joseph W. Ellis of the University 
of California at Los Angeles. 

The new evidence comes from the way in which infra-red or heat rays are absorbed 
by water. Certain new bands or dark patches observed in the infra-red spectrum 
favor the theory that the simple chemical units of two hydrogen and one oxygen mole- 
cules are probably linked in groups or even form a lattice-like structure. 

This theory has not been in favor with chemists recently. However, some phe- 
nomena observed during the formation of ice lend considerable weight to the idea.— 


Science Service 
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PEN PORTRAIT OF WILLIAM FRANCIS HILLEBRAND, 1853-1925 


E. T. ALLEN, GEOPHYSICAL LABORATORY, WASHINGTON, D. C. 


The psychologists are telling us of late that a man’s personal appearance 
bears no relation whatever to his mental capacity. So at least it reaches 
the public through the popular prints. This is cheering gospel to some 
of us, a doctrine we would gladly believe. But since other people do not 
believe it, we know that a prepossessing appearance will command oppor- 
tunity, and upon opportunity, development in no small measure depends; 
so that however little the physical make-up may have to do with original 
mental endowment, it should have much to do with final attainment. 

Dr. Hillebrand was a man of distinguished appearance. Moderately 
spare of figure and lean of limb, he looked taller than he was; and while 
he had not the athletic frame and the glow of health that teil of bodily 
vigor and abounding vitality, his massive head and shoulders conveyed 
an impression of solidity and dignity, an effect enhanced by a beard unique 
in its individuality. One might have said that he had been cast by nature 
for the réle of Grand Duke in the human drama. 


His Father a Remarkable Man 


Among those assets which count most in the race for success, some 
would give to ancestry a high rating. Here again Dr. Hillebrand was 
favored by fortune. His immediate forebears were persons of consequence; 
his grandfather ‘held a judicial position,’ and his father was unusually 
gifted. Born in Westphalia in 1821, the elder Hillebrand chose the pro- 
fession of medicine and was educated in the best schools that Germany 
afforded—Gottingen, Heidelberg, and Berlin. In his youth he traveled 
extensively in the Orient, finally settling about 1850 in Honolulu, where, 
a few years later, he married an American wife. The young doctor soon 
showed himself a man of varied talents. In his own profession he be- 
came ‘‘perhaps the most prominent physician in the Islands.’’ He inter- 
ested himself in civic affairs, was appointed a member of King Kame- 
hameha’s privy council, held several other important positions, and secured 
by his own personal efforts an adequate labor supply for the country. 
In the esthetic world he was a ‘‘fine musician,’’ but of still greater impor- 
tance from the present viewpoint, Dr. Wilhelm Hillebrand displayed 
marked ability in science. ‘‘An ardent botanist and horticulturist,’’ be 
became deeply interested in the plant life of his adopted country, explored 
it thoroughly during a twenty years’ residence, and finally completed 
what remains to this day the only comprehensive ‘Flora of the Hawaiian 
Islands’’! 

Aside from any debatable question of inheritance, the daily associa- 
tion and constant example of a man of such energy, ability, and initiative 
must have exercised a profound influence on the career of his son. 

73 
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An Adventurous Boyhood 


Born in Honolulu, young Hillebrand passed a rather adventurous boy- 
hood. In 1865, as a lad of twelve years, he voyaged with his parents 
to China, Java, and India, where his father, acting in the capacity of Com- 
missioner of Immigration, investigated labor conditions with a view to 
the needs of the Hawaiian sugar plantations. While on this mission, 
Hillebrand the elder ‘‘made extensive collections of living plants and 
birds, most of which reached their destination in fair shape and not a few 
became thoroughly at home in their new habitat.”* “I have very vivid 
recollections,’ wrote Dr. Hillebrand in later years, ‘“‘of helping to feed 
and care for the birds and deer on the seven weeks’ trip from Hongkong 
to San Francisco by sailing vessel, a somewhat rough and gloomy voyage.” 

Several times the boy visited the United States, later crossing the coun- 
try and the Atlantic to Europe, all before he was twenty. 

He loved to accompany his father on his botanical excursions “‘through 
the dense forests and up the lofty mountains of their island home, and was 
zealous in aiding his search for new and rare plants and flowers.”’ ‘Not 
seldom,”’ he says, “did I make such all-day excursions by myself or with 
a boy companion, sometimes at considerable risk.” 

In this novel and entrancing environment, lovely islands clad in luxuriant 
tropical vegetation, set in a vast expanse of sea, the mystery of active 
volcanoes, the vestiges of a vanishing civilization, it seems rather strange 
that Hillebrand’s youthful imagination was not enthralled. In later 
years, though he spoke pleasantly, when questioned, of these scenes of 
his childhood, they never seemed to come to his lips with that spontaneity 
which we expect of experiences that have left a deep, lasting, and delight- 
ful impression; reactions, one would say, of a man of rather distinctive 
tastes, whose dominant interest gradually overshadowed all others. 


His Tastes and Choice of a Career 


Certainly I should not have called him an out-door man in his middle 
years. Of his predilections in general Hillebrand says: ‘‘My father was 
a fine musician and botanist, though I did not inherit his tastes.’’ He is 
speaking here of botany as a study. Of his choice of a profession, he has 
this to say: “‘Up to... the summer of 1872, I had shown no bent or apti- 


tude, unless a liking for geography, travel, and history can be so called, | 


for any line of study that pointed toward a choice of a profession or career. 
Mathematics I abhorred, and English composition was something that 
there seemed little hope of my ever becoming the master of. My inability 
to get a working understanding of mathematics has been a serious handicap 


* Autobiographical sketch written by Hillebrand for the National Academy of 
Sciences. 
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throughout my professional career. My actual study of English was 
limited to the merest elements, my father laying much greater stress upon 
the classics. While the study of the latter has been of much assistance 
and of no little cultural benefit, I cannot too much deplore the scant 
consideration that was given to English. My father, though himself 
a master of English, I think was inclined to believe that my later home 
would be in Germany, notwithstanding that all my youthful associations 
were with Americans and my predilections for America. This bias arose 
from the great preponderance of Americans over Europeans in Honolulu, 
from the fact that all my early teachers were Americans, that the language 
of the family was English, and that I had frequent association and corre- 
spondence with my mother’s family in California and none with my 
father’s except two of his brothers—one in California and one in Honolulu, 
who married American wives. Out of this grew a strong intention to be 
and remain an American myself.”’ 

“On arriving in Germany in 1872, it became necessary to choose a 
career. Having seen much of a physician’s life through my father and 
step-grandfather Newcomb, medicine offered no charms. Law was still 
less to my liking for the reason that I lacked utterly the mental qualifica- 
tions of a successful lawyer. The engineering professions were excluded 
from consideration by reason of my weakness in mathematics. The out- 
look was unpromising. One day my father suggested chemistry—a possi- 
bility that had never occurred to me. In Honolulu I had learned some 
of the simplest elements of the science and had enjoyed the study. My 
father’s suggestion appealed to me and I decided then and there to be- 
come a chemist or at least to make a try at becoming one.”’ 

This is not quite the whole story. Many years ago, when Dr. Hille- 
brand was questioned about the matter by the writer, he began by saying: 
“I had always liked chemistry.” That a man of his temperament should 
decide so momentous a choice on the spur of the moment, seems quite 
foreign to his character. More likely, it appears to me, his father’s wise 
suggestion revealed to the young man a latent aspiration. 


An Exceptional Education 


The advantages of thorough preparation for a life work are probably 
more generally recognized by American students today than they were 
in Dr. Hillebrand’s time. Where an occasional voice has been raised on 
the other side of the question, protesting the dangers of overtraining as a 
menace to initiative, it has been unconvincing. If a few men of great 
talent have succeeded with limited training, even geniuses like Willard 
Gibbs have not despised a long preliminary period of discipline. Hille- 
brand, whose professional training was unusually complete, never regretted 
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that fact; he simply deplored the lack of thoroughness in certain of his 
early studies. 

Schooling in ‘Latin, Greek, French, elementary mathematics, (English) 
composition, and spelling,’’ the boy received at Punahou College, Honolulu, 
and at Oakland, California. The same subjects, with the addition of 
German, were continued at Cornell University for two years more. Then, 
in 1872, he sailed with the rest of his family for Germany where he was 
to spend the next six years in the study of chemistry and closely related 
sciences. From Heidelberg, where he first matriculated and where he 
won his degree, he doubtless derived his deepest inspiration. It was 
here that he studied with Bunsen, most influential of all his teachers, 
with Kirchhoff, Kopp, and Blum the mineralogist. Of Bunsen and 
Kirchhoff he spoke with special reverence in later life. It was at Heidel- 
berg, too, that Hillebrand met his youthful friend Norton, who proved an 
important factor in his early development. For three months prior to 
examination the two young men quizzed each other every evening until 
midnight, with the result that after five semesters Hillebrand attained his 
doctor’s degree summa cum laude. 

His induction into the field of research was hardly less auspicious than 
his showing in the final examinations. His first paper, under the joint 
authorship of Hillebrand and Norton, was entitled: ‘Ueber metallisches 
Cer, Lanthan, und Didym.” With characteristic generosity Hillebrand 
insisted in his autobiographical notes that to Norton should have gone 
the greater credit. A second investigation, ‘‘Specifische warme Cers, 
Lanthans, und Didyms,’’ executed by Hillebrand alone and published 
in Poggendorf's Annalen was given the honor of a translation in full in 
the Philosophical Magazine. ‘‘This research,” says F. W. Clarke,* “‘fixed 
the valency of the metals and established their position in the classifica- 
tion of the elements. That the didymium of 1876 has since been proved 
to be a mixture of several closely related elements does not detract from 
the fundamental significance of the investigation.”’ 

Hillebrand’s experience in research was extended in a period of three 
semesters spent at Strassburg, where he worked out the constitution of 
quinic acid under Fittig, and the crystallography of one of its derivatives 
with the aid of Groth. These four papers of his student days form a remark- 
ably creditable record, as any one who knows student work would admit. 

That the organic field ‘‘did not appeal” to Hillebrand is another indi- 
cation of his distinctive tastes, but the sojourn at’ Strassburg seems to 
have been profitable for its broadening influence on the character of the 
man and specifically because it brought him into contact with Groth and 
Rosenbusch, whose specialties, crystallography and ‘‘microscopical petrog- 


* Biographical Memoir of William Francis Hillebrand. National Academy of 
Sciences. Biographical Memoirs, Vol. XII, 2nd Memoir, 1925. 
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raphy,”’ were so intimately related to his own. Several years earlier 
(1873) at Heidelberg, Hillebrand “‘met and saw much of” Edward S. 
Dana, afterward better known as a mineralogist than a physicist, and thus 
his “attention was first drawn to mineralogy.’’ Following the same 
general direction, now ‘“‘fully intent on returning soon to America, and 
impressed with the opportunities for young chemists as assayers in western 
mining regions,’’ Hillebrand finished his studies with a course in metallurgy 
and assaying at the famous mining academy in Freiburg. While he pub- 
lished nothing in this final year, the work at Freiberg gave him a view 
of the industrial aspects of one of the numerous branches of chemistry, 
and his associations there proved later a distinct commercial asset. 

With the year 1878 his student life closes. During all this time Hille- 
brand had, apparently, no financial worries to distract his mind, no neces- 
sity to devote energy needed in study to the task of raising funds. Pos- 
sibly this involved some loss in self-reliance; but, while there is no evi- 
dence that he ever inherited any important estate from his father, the 
family income at this time was seemingly adequate, that fortunate mean 
between poverty and riches which provides amply for travel and study 
and contributes most to the mental development of the individual, with- 
out entailing luxury and threatening possible ruin. 


Joins the Geological Survey 


In the fall of 1878 Hillebrand returned to America and began looking 
for a position. Passing over the subsequent months of tedious waiting, 
as he himself would gladly have done, we find him in the summer of 
1879 in Leadville, where he had connected himself with a firm of assayers. 
It was in the course of this work that he became acquainted with S. F. 
Emmons, then in charge of the Rocky Mountain Division of the recently 
formed U. S. Geological Survey. As an outcome of the acquaintance, 
Emmons, within a year, offered Hillebrand a position as mineral chemist. 
Since this was just what the young man had wanted ever since he had 
read of the newly organized Survey, he naturally accepted. In Denver, 
the headquarters of the division, he lived and worked for five years. It 
was during these years that he married Martha May Westcott (September, 
1881) and that his first son, William Arthur, was born. The younger 
son, Harold Newcomb, was born in Washington. At his first opportunity 
evidently, Hillebrand took up research again and quite appropriately his 
six publications belonging to this period have to do with new minerals; 
four of them were joint productions with Whitman Cross, geologist and 
petrographer. 

In 1885 Hillebrand, still retaining his connection with the Survey, re- 
moved to Washington where he remained in the government service to 


the end of his life. 
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Personal Traits 

It was on joining the ranks of the Geological Survey sixteen years later 
that I first met Dr. Hillebrand. His recent book on Rock Analysis had 
created a favorable impression and had aroused my interest in its author, 
I found him cordial and modest, without a trace of the conscious superiority 
that might be expected of a Grand Duke. As I came to know him better 
I discovered in him almost none of the contradictions in character which 
the biographers are so fond of exploiting. Honesty was one of his out- 
standing qualities. The scrupulous probity with which, as Dr. Waters* 
tells us, he administered the public funds in his capacity of Chief Chemist 
at the Bureau of Standards is exactly what would have been expected 
by those who knew him. Fortunately, that kind of honesty is not so un- 
common as pessimists would have us believe. Much rarer is the intellec- 
tual honesty characteristic of Hillebrand. To state the exact truth was 
to him always more important than to make out a forcible case. A man 
of the highest integrity and conscientiousness, he had in full measure 
those attributes of thoroughness and accuracy which have come to be 
thought of as the best German traits. 

A strict self-critic, I think he saw his own weaknesses rather clearly, 
but he was inclined to view them with an eye of morbid severity. When 
he says: ‘‘Mathematics I abhorred,’’ and ‘‘there seemed no prospect 
of my ever mastering English style,’’ he is probably suffering from a keen 
sense of his failure to reach in those subjects the high level he attained in 
others. His lack of aggressiveness, resulting from a consciousness of his 
own shortcomings, and his rather melancholy disposition inclining at 
times to petulance, were, I believe, largely due to a lack of robust health. 

Clarke and Waters both speak of Hillebrand’s generosity toward co- 
workers and subordinates. The writer, who had the privilege of working 
with him, still remembers with pleasure, after a lapse of thirty years, 
the quality of his coéperation. 

The valuable gift of presenting a subject, easily, clearly, and concisely 
was in large measure denied him, and he rarely trusted himself to speak 
without notes; indeed he habitually read his papers from the manuscript. 

From his appearance on the platform one might easily have derived 
the mistaken impression that Hillebrand was slow. Both physically 
and mentally, in familiar environment, he was quite alert. In the study 
of a scientific article he grasped the main points very quickly and his 
activity and industry in the laboratory Were undeniable; but the great 
amount of work he accomplished was rather the result of intelligent plan- 
ning, always in the same field, for after his student days he showed little 
inclination to stray from one type of research to another. 


* Sctence, 41, 251 (1925). See also J. Am. Chem. Soc., 47, 53 (1925). 
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The specialist, as we all know, is apt to be not only a man of particular 
tastes, but of restricted outlook and narrow sympathies. That Hillebrand’s 
tastes did not cover a wide range, his own words have made clear. He 
had some interest in music, but could not be called a devotee. He liked 
fishing, but was by no means an enthusiastic sportsman, nor, after his 
youth at least, an ardent lover of nature. Never a hail-fellow-well-met, 
he enjoyed a game of skat with a few cronies. A man of the intellectual 
type, he did not show in his conversation the wide interests of the om- 
nivorous reader or the general philosopher. He was in fact pretty strictly 
devoted to his work. 

On the whole Dr. Hillebrand’s character was singularly consistent, 
but one aspect of it comes as a surprise; instead of an outlook in keeping 
with the life and tastes of the specialist, he showed a refreshing breadth. 
If he knew little of his neighbor’s field, he was not disposed to assume 
there was little to know, to indulge in a supercilious attitude toward it 
or to make slighting remarks concerning it; he showed an unexpected 
sense of the importance of the vast world outside his own immediate con- 
sciousness. To this attitude of sympathetic tolerance, inherited tenden- 
cies, association with a broad-minded father, and an exceptional educa- 
tion may all have been contributing factors. Perhaps it would not be 
out of place to raise a question in the pages of the JOURNAL OF CHEMICAL 
EDUCATION: How far is the narrowness in our modern specialists due to 
defects in their education, and how far could they be corrected by a judicial 
attitude on the part of the teacher, not only toward controversial questions 
but especially toward departments of knowledge other than his own? 

The characteristics of Dr. Hillebrand’s mind, freedom from bias, honesty, 
reliability, thoroughness, and accuracy, are plainly reflected in his work. 


His Work 


Of the eighty-eight articles that constitute Hillebrand’s published work, 
all but the earliest are confined to the analytical field, and nearly all deal 
with the composition of rocks and minerals or with the methods by which 
the composition is determined. 

His many papers on the chemical aspects of new mineral species and 
varieties form an important contribution to mineralogy. Mineral analysis, 
challenging the chemist with its many rare elements and unusual combi- 
nations, demanding a broad knowledge and a faculty of getting on with 
defective methods by the free use of systematic corrections, is the most 
difficult of all analytical fields, and was always peculiarly attractive to 
one of Hillebrand’s tastes and training. 

While composition and formula, in addition to crystallography, are 
naturally uppermost in the investigation of new minerals, relations of 
broader significance are not wanting in Hillebrand’s papers. As examples 
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we may cite the concentration of barium and strontium in the rocks of 
the Rocky Mountains, constituting thus a distinctive ‘‘geographic zone”; 
and the occurrence of nitrogen as an essential part of the mineral uraninite, 
establishing the ‘‘first discovery” of that element “in the primitive crust 
of the earth.” 

It was in the field of mineral analysis that the most dramatic episode 
in Hillebrand’s career occurred. It had to do with the gas liberated in 
the solution of uraninite, the rare mineral just mentioned. The facts 
of the case have been fully detailed by Clarke in his biographical memoir, 
but his omission of one significant aspect of the incident may perhaps 
serve as an excuse for a brief review of it here. From the chemical behavior 
of the gas and from a study of its spectrum, Hillebrand and Hallock had 
pronounced it nitrogen. A few years later Sir William Ramsay, while 
searching for natural sources of argon, learned of one of Hillebrand’s work on 
uraninite, and, feeling doubt that a gas liberated by the action of sulfuric 
acid could be nitrogen, he purchased a sample of the mineral and tested 
its behavior himself. The gas he obtained proved almost entirely free 
from nitrogen. In it he found, besides hydrogen, argon and a new gas 
which proved to be helium, hitherto known only in the spectrum of the 
sun. A subsequent examination of a portion of Hillebrand’s own speci- 
mens of uraninite revealed also argon and helium in addition to a con- 
siderable percentage of mztrogen. In his failure to make the discovery 
himself Hillebrand saw a great opportunity missed. ‘‘There’s where I 
lost my chance,”’ he once said to the writer in regretful allusion to the 
subject. In addition to that he, who prided himself on his accuracy, 
doubtless felt that his powers of observation had been discredited. Yet 
his observations were correct as far as they went; the nitrogen lines were 
clearly identified in the spectrum and the gas was found to diminish in 
volume when sparked with oxygen over caustic alkali or with hydrogen 
over dilute acid. On the other hand, the analytical data indicated that 
the density of the gas should have been much lower than nitrogen,* while 
many unmapped lines were noted in the spectrum. The spectra of gases 
were known to be modified by changes in pressure and other physical 
conditions and to such variations the new lines were attributed. That 
these observations ought to have been mentioned in his article, Hillebrand 
later acknowledged. 

To many his failure to prosecute the investigation to its logical conclu- 
sion will appear an unpardonable mistake. But the Survey laboratory, 
where the work was done, was not purely a research institution. “The 
chemical investigation,” said Hillebrand, ‘‘had consumed a vast amount 
of time, and I felt strong scruples about taking more from my regular 


* The summations of his analyses were all too high, but it was not until Ramsay’s 
discovery was announced that this interpretation occurred to Hillebrand.—The writer. 
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routine work.’’ Every experienced investigator knows that, no matter 
how expert the operator, any new line of research, especially such a one 
as the handling of gases, demands a long, laborious apprenticeship to in- 
sure a reasonable measure of success. And not only Hillebrand’s associates 
but his official superiors, also, however prompt they may have been to 
acclaim Ramsay’s discovery, would have been slow to see in a little gas 
from an out-of-the-way mineral a promising field for study; indeed it is 
more than doubtful if they would have countenanced further investigation. 


His Analytical Methods 


Undoubtedly Hillebrand regarded mineral analysis as an important 
part of his work; new minerals continued to interest him as long as he 
lived; but as one who knew him well, the writer feels confident that it 
was his analytical methods that most engrossed him. It was not the 
methods that were worked out as a necessary step in the determination of 
the chemical nature of the minerals; rather, the minerals served as material 
in working out the analytical methods with which his name will always 
be linked. Yet a glance through the titles of his publications will show 
that his reputation does not depend on mew methods. The possibilities 
of new developments in this old field had of course been considerably re- 
duced before his time, but recent literature shows they are by no means. 
exhausted. The truth is that Hillebrand was not a great innovator. He was 
not inclined to blaze new trails, but in selecting the best of existing paths 
and in smoothing and straightening the one of his choice he had few equals. 

During the early nineteen hundreds one of the needs especially felt in 
the system of rock analysis was a simpler and more reliable method for 
fluorine. As far back as 1895 we find Hillebrand warning analysts against 
the use of ‘‘fluoriferous hydrogen peroxide in the estimation of titanium,”’ 
yet it remained for George Steiger* a dozen years later to show how this 
reaction of hydrofluoric acid with peroxide of titanium could be used as 
the foundation of a new and better method for fluorine. 

In general, the significance of the first step in a scientific undertaking 
can hardly be overestimated, but in the field of scientific measurement, 
accuracy is of such obvious importance that improvements in many cases 
may rank on a par, or nearly so, with the original invention. 

In the preface of the recent book, “‘Applied Inorganic Analysis,’’ pub- 
lished under the joint authorship of Hillebrand and Lundell, it is pointed 
out that the great weakness in our analytical systems has been in the 
separation of the elements from each other rather than in reducing them 
afterward to weighable form. Here Hillebrand was a master. 

The development of his book, “Some Principles and Methods of Rock 
Analysis,” which first appeared in 1900, has been traced in detail by Clarke. 

* The method has been greatly improved by H. E. Merwin. 
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Among the principles exemplified in this treatise, perhaps double precipi- 
tation in gravimetric analysis is most important. While the principle 
was by no means new, it would probably be correct to say that before 
Hillebrand’s time, the ideal gravimetric method was one that aimed at 
an optimum combination of conditions suitable to all proportions of the 
elements to be separated. Hillebrand taught that such conditions rarely 
exist, and that a much saner procedure was the resort to double precipita- 
tion, in which the first operation brings one always to the same case, and 
one easily handled, namely, a great excess of one element and a mini- 
mum amount of the other. 

Corrections in scientific measurement have long been in use, though 
less frequently adopted in chemistry than in other sciences where the 
mechanical factor is more pronounced. Hillebrand taught the general 
use of corrections even in many of the commonest determinations. 

It used to be true and probably remains so today that analytical chemis- 
try was taught so exclusively as a means to an end that accuracy was toa 
great extent defeated. What is needed is more knowledge of the analyti- 
cal processes on the part of the operator, for after the first crude apprentice- 
ship of the student is over, the important errors are chiefly chemical rather 
than mechanical. Dr. Hillebrand, who was not lacking in deftness, laid 
very little stress on his skill of hand. It was experience that he empha- 
sized. 

During his stay at the Geological Survey, where his methods were largely 
perfected, there was always a considerable amount of routine work which 
Hillebrand and his associates were called upon to do; and while this had 
its obviously undesirable side, it was used by him to good purpose in try- 
ing out his methods under a variety of conditions. Hardly any of these 
methods, to be sure, was devised by him, but they have been so judiciously 
selected and so carefully revised and systematized that they have become 
in a very true sense his methods. 

After his appointment as Chief Chemist of the Bureau of Standards 
in 1909 the methods continued to occupy much of his time and finally 
reached their present form in Bull. U. S. Geol. Survey No. 700, entitled, 
“Analysis of Silicate and Carbonate Rocks.’’ Much of the material in 
this book has a considerably wider application than its title implies. 
Either unchanged or little modified, the methods have a general usefulness. 
It was therefore a perfectly logical step which led to ‘Applied Inorganic 
Analysis,’ undertaken with and completed by G. E. F. Lundell, a book 
that promises to take a high place among works of its class. 


Honors 


Hillebrand lived to be acclaimed one of the foremost authorities in his 
chosen field; his methods are widely used by analysts, teachers, and in- 
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vestigators, and they are said to have been adopted by all the important 


geological surveys of the world. 

In his election to membership in the most important learned societies 
in America, the National Academy of Sciences and the American Philosophi- 
cal Society, and in his elevation to the presidency of the American Chemi- 
cal Society, his contemporaries expressed their judgment of his achieve- 
ments. He was a recipient of the Chandler medal from Columbia Uni- 
versity. A recognition peculiarly appropriate to his work was the degree 
of Doctor of Natural Philosophy conferred upon him by the University 
of Heidelberg in 1925, just fifty years after his graduation from that 


venerable institution. 
Such was the verdict of his times. And when we consider the enormous 


superstructure of chemical science which rests upon analytical founda- 
tions, we feel confident that so long as present trends in the science con- 
tinue, his work will not cease to have significance. 


New process saves fruit by detecting minute scratches. Oranges and other fruits 
that suffer heavy spoilage from blue mold and other fungi can be saved from this loss by 
a new method for detecting mold-susceptible specimens, the invention of Rev. Hugh 
T. O’Neill, and Dr. Arthur J. Harriman, both of the faculty of the Catholic University 
of America, Washington, D. C. 

The inventors discovered that mold infection always takes place through breaks in 
the skin, such as may be made by clipper cuts, the fingernails of the workers, box splint- 
ers, projecting nails, etc. A whole-skinned orange never spoils. They were able to 
demonstrate this point by keeping more than 400 sound oranges in a damp, dark cellar 
a period of three months (May 1 to July 30) without losing one of them through moldi- 
ness, though moldy oranges were kept among them to provide abundant sources of pos- 
sible infection. 

Knowing thus that fungus spores can start trouble only if the skin is scratched or 
broken, the inventors next attacked the problem of making visible the microscopic nicks 
and scratches that escape detection in the grading as practiced hitherto. They hit upon 
the scheme of using some substance that would enter these scratches and make a streak 
of contrasting color against the yellow skin. Of such substances, the most practicable 
is a metallic salt that will react with the tannin in the tissues just under the skin and 
form a dark, conspicuous substance. A salt of iron, preferably ferric chloride, is espe- 
cially recommended. Any minute abrasion in the peel of the fruit is immediately made 
visible as a black line. Sound fruit is left entirely unmarked. All fruit, sound or un- 
sound, is then washed in clear water so that all ferric salt is removed. The fruit then 
reaches the consumer without any substances that are poisonous or antiseptic. This 
obviates the use of borax, a substance much used to prevent blue mold infection but open 
to grave objection where such fruit is used to make marmalade or might be sucked upon 
by children. p 

Fruit found mold-susceptible by the new process would be culled out and sold for 
immediate use, or else used in canning or preserve-making or treated with a preservative. 

Father O’Neill, together with Dr. Harriman, has taken out patents on the process. 
Several of the leading fruit-packing firms have become interested in its commercial ap- 
plication.— Science Service 











APPLIED ANALYTICAL CHEMICAL RESEARCH NECESSITATES 
PROMOTIONAL ADVERTISING 


G. FREDERICK SMITH, UNIVERSITY OF ILLINOIS, URBANA, ILLINOIS 


Avogadro’s hypothesis may be compared to a seed of chemical thought 
which proved to have a germination period of forty-seven years.* Chemi- 
cal theory owes no inconsiderable debt to the originator of this hypothesis, 
notwithstanding the fact that its importance was not emphasized promo- 
tionally by Cannizzaro for so long a period of time. Otherwise, the 
period of germination could have been profitably reduced. 

Analytical chemical research presents numerous examples of ideas of a 
quite similar status. It would therefore prove valuable to draw attention 
to a few such illustrations as the object of this discussion. 

One of the most strikingly productive papers from the viewpoint of its 
stimulation of thought and experiment in the field of analytical chemistry 
during the past decade was that of Joel H. Hildebrand entitled ““Some Ap- 
plications of the Hydrogen Electrode in Analysis, Research and Teaching” 
(1). In the opening sentence of this paper attention is called to the fact 
that “‘with the development of theoretical chemistry various principles 
and methods have been suggested from time to time as applicable to the 
problems of the practical chemist. Many of these have remained unused, 
however, due to the fact that they have appeared too complicated, either in 
mathematics or in apparatus required, to appear feasible to the man not 
specially trained in physical chemistry. Among these is the possibility 
of following changes in concentration of ions by means of changes in poten- 
tial of suitable electrodes. The hydrogen electrode especially has been 
used for some time in physico-chemical research, but its possibilities for 
solving many of the problems of the analytical and technical chemist seem 
to be little recognized.” 

Hildebrand, in the paper from which this quotation was taken, simply 
called our attention in 1913 to the fact that “the first application of these 
principles to analysis was made by Béttger (2) who titrated a number of 
acids and bases, including several reproduced”’ by Hildebrand in the paper 

from which these statements are quoted.** 


* Avogadro’s Hypothesis. ‘‘The number of (integral) molecules in any gases is 
always the same for equal volumes, or always proportional to the volumes.”’ Journal 
de Physique, 73, 58-76 (1911); Alembic Club Reprints 4, p. 28 (StmpKIN MARSHALL, 
Hamilton, Kent and Co., Ltd., 1893). This hypothesis was brought into its first 
general acceptance in differentiating between the molecule and the atom and in the 
introduction of the concept of the polyatomic molecule of an element by the work of 
Cannizzaro, ‘‘An Abridged Course of Chemical Philosophy,” 1858 (Nuova Enciclopedia, 
Vol. 1, p. 21). 

** In this paper Hildebrand extended the scope of this work including the study of 
precipitations and hence went considerably beyond the simple acid-base titration made 
by Béttger. 
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Here then is cited the introduction by Béttger to the art of applied 
analytical chemistry of ideas that suffered from the lack of promotion. 
It required almost twenty years for the appearance of a promoter in the 
person of Hildebrand to sell the ideas of Béttger to the generation next 
removed. It is true that these tools, the theory, and their applications as 
employed by Béttger were often duplicated, studied, and applied in the 
sixteen years succeeding their original use in analytical operations. The 
theory of indicators, the study of hydrolysis of salt solutions, the study of 
electrodes and electrode potentials, etc., had been somewhat actively en- 
gaged in, but the real popularization of Béttger’s original contribution was 
left to Hildebrand. And who can say whether this germination period 
of sixteen years did not finally result in as productive accomplishments in 
analytical chemistry as that originally referred to in which Avogadro's 
hypothesis lay dormant for fifty years? The analytical chemist is finding 
in the physical chemist an accomplice, perhaps fellow enthusiast, or even 
a task master. Hildebrand’s original supposition that many of Béttger’s 
ideas remained unused because of the mathematics or apparatus required 
has been in truth substantiated by the analytical chemist’s subsequent com- 
plete submission to the intricacies thus involved. Infinite series, integrals, 
differential equations, the method of least squares, and the theory of prob- 
ability have been shuffled out to us as if being undoubtedly distributed into 
familiar surroundings. The potentiometer, the thermionic amplifier, 
the alternating current rectifier, the photoelectric cell, and even the quad- 
rant electrometer have been presented to us as tools either to flounder 
with or excel. We have as great incentive today to use the interferometer, 
the electroscope and radioactive isotopes, the monochromator with fluores- 
cent adsorption indicators, etc., as several generations past we had to wel- 
come the spectroscope and refractometer. We have electrodeposition using 
graded potentials, mono and bimetallic electrode systems of rare and base 
metal combinations, oxide and gas electrodes, glass and non-metal elec- 
trodes as the introduction to physical methods apparently unlimited. 

Particularly is it a fortunate circumstance that the new methods of 
physical chemistry, as applied to analytical chemical research and routine, 
require the use of carefully designed and incidentally expensive equipment. 
Analytical chemistry has thus acquired an active personnel of promoters. 
For it is a well-known fact that manufacturers of chemical apparatus and 
instruments as well as distributors find a pleasant profit in this business 
when comparison is made with the sale of reagents and chemicals often 
distributed through,the same agency. Those interested in the field find 
their files of advertised analytical instruments and equipment overtaxed 
by an almost daily contribution of an advertiser’s folder extolling the vir- 
tues of first one item and then another. The feeling of the director of many 
analytical laboratories under the circumstances results in the stocking of 
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an increasing number of instrumental accessories, needful or neglected as 
the case may be, simply for the reason that in the face of the advertiser’s 
urgent appeals an ordinarily equipped laboratory seems inadequate. 

The analytical research chemist is himself firmly convinced that his work 

is now, as it was throughout the early history of the modern development 
of the science of chemistry, a prime essential and an important adjunct 
to all modern progress in chemical research. Certainly, as a conservative 
estimate, the development of new and original methods in the field of 
modern and analytical advancements requires originality, ingenuity, intui- 
tion, skill, and practical experience. To the foundation of an elaborate 
training must be added the exertion of extensive application. Often the 
analytical research chemist is too preoccupied in making himself worthy 
of favor ever to realize a return on the capital and effort invested. Roy- 
alties in return for intelligent, productive accomplishments are the reward 
only of those properly exploited. Synthesis, it is to be regretted, popu- 
larly overshadows analysis. And yet what better foundation can there 
be for synthesis than analysis? The latter is as the legendary prophet with- 
in his own land. 

In his time probably one of the most noted of all chemists was an analyti- 
cal chemist. J. J. Berzelius (1779-1848) had the honor and distinction of 
taking an active part in the training of a large number of the most able 
chemists of his own time and in the succeeding generation. Friedrich 
Wohler was one such chemist. W6ohler wrote to Berzelius (1813) for per- 
mission to serve as an assistant in the latter’s laboratory. For in the time 
of Berzelius chemistry, together even with geology and mineralogy, knew no 
lines of demarcation. The analytical chemist was at the same time an 
organic chemist. Wohler early in his association with Berzelius showed no 
aptitude for analytical chemistry. A task given him to perform by his 
master was quickly if not satisfactorily done. ‘‘That was rapidly done,” 
would be the comment of Berzelius, “‘but I’m afraid not very accurately,” 
and yet the organic chemist of Berzelius’ time was not without need for 
the analyst’s art. One summer abroad in England was spent by Berzelius, 
during which time (1812) the first correct elementary and quantitative 
analysis of carbon bisulfide was published (3). It is an interesting study 
to list from the archives of analytical chemistry the findings of the day with 
regard to this particular study. Accredited elementary analyses for car- 
bon disulfide showed from two to six elements, both including and excluding 
carbon and sulfur themselves. It has been indeed only a little more than 
a hundred years since the analyst was of very particular significance to the 
organic chemist with regard to a number of tasks as simple as that of elimi- 
nating elements subsequently recognized to be unessential to the composi- 
tion of carbon bisulfide. 

However, J. J. Berzelius was not unaccompanied by promoters and en- 
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thusiastic supporters. Berzelius was created a nobleman (1818 and 1835) 
of his native land by orders of the king. Some methods of analysis to 
this day are best performed according to the procedure of Berzelius. 
However, the practice of knighting the analytical chemist has not per- 
sisted. 

The citation as illustrations of one or more particular examples seems 
appropriate. Drawing attention to individual new and improved pro- 
cedures of analytical chemistry, the popular application for which has been 
much delayed through the lack of promotional activities, may prove il- 
luminating. The use of potassium periodate for the colorimetric deter- 
mination of manganese in steel and ores and minerals was first described in 
the Journal of the American Chemical Society in 1917 (Vol. 39, page 2366) 
by Willard and Greathouse. This method, both by virtue of chemical 
principles and working advantages, stands far ahead of other existing 
methods. Where other methods are deficient and erratic the periodate 
method is successful and precise. Other methods are acceptable and are 
tolerated in their idiosyncrasies because of their chronological priority and 
as a result of factors of conservatism not common among analytical chemists 
alone. The ammonium persulfate method for the colorimetric deter- 
mination of manganese is older by approximately ten years than the perio- 
date method. It certainly has so few advantages as compared to the 
periodate method that it is logical to inquire why the latter has not sup- 
planted the former. 

The reason is not far to seek. From the time the periodate method was 
proposed for the colorimetric determination of manganese (14 years ago) 
until the year 1930 the reagents, potassium or sodium periodate, were not 
available from the usual supply house distributor of chemical reagents. 
Ammonium and potassium persulfates as analytical chemical reagents are 
easily obtainable. It required promotional measures to place the perio- 
dates on the dealers’ shelves. One of the first distributors of potassium and 
sodium periodates to be used in the col -rimetric determination of manganese 
was the Eastman Kodak Company. In this case as well as in many other 
instances this company has acted as promoter by making available for 
analytical purposes reagents otherwise unobtainable or difficultly accessible. 
Calling attention to this distributor by name seems justified here by the 
very nature of the services thus rendered. And at the present time after 
a delayed start the periodate manganese method seems to be gaining materi- 
ally in favor, and justly so. Professor A. E. Hill has called our attention 
(4) to the fact that, of all the salts of potassium known, potassium periodate 
is the least soluble. Periodic acid as a reagent to be used in the quantita- 
tive separation and determination of potassium from the other alkali 
metals is thus suggested. At the Indianapolis meeting of the American 
Chemical Society (April, 1931) a paper containing further applications in 
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the use of the periodates in quantitative determinations appeared on the 
program (5). Negligible application of these methods could be soundly 
predicted, were not the reagents employed easily obtainable. Iodine-con- 
taining reagents are expensive in original costs but the iodine involved is 
easily recoverable. The periodate reagents are prepared by simple reac- 
tions and the enthusiastic analyst could have prepared his own reagent 
periodates with a minimum of effort. But the persulfates were on the re- 
agent shelf. The periodates were not. A difficultly workable method 
therefore continued to subordinate an excellent process. 

A large number of organic dyestuff indicators are available on the market 
today. Their use in the colorimetric determination of hydrogen-ion values 
is a common practice over the entire range of acidity from pH 1.5 or less to 
13.5 or more. An accuracy of plus or minus two-one-hundredths in the 
determination of pH is common practice; selling organizations are thriving 
upon the distribution of indicators and accessories for their use. The con- 
sumer prefers solutions of the indicators, apparently to avoid the necessity 
for the task of making his own. Apparatus designed to facilitate color 
comparisons in the use of indicators seems almost childish in its method of 
operation and certainly a surprise should it be proved in demand. Com- 
panies organized for the distribution of such devices and reagents must 
have been backed by those with an abiding faith in the necessity for pro- 
motional activities among analysts to have engaged in the enterprise. 
Yet fortunes are spent in advertising governing the distribution of these 
lines. And the success of the venture is laudable. Incidentally, it proves 
the title of this discussion to be justified. 

Another particular item in illustration involves the quantitative deter- 
mination of silica. In accordance with the importance of this determina- 
tion a great many studies have been devoted to the various phases of the 
subject. Many of the points considered have resulted in controversial 
conclusions, depending upon the particular preferences of the investigator 
concerned. Most disputed points involve the method or modification of 
method, governing the dehydration of silicic acid. Dehydration following 
the evaporation of a hydrochloric acid solution is the most common prac- 
tice. This process requires a double recovery of silica in the residue de- 
hydrated for a period at approximately 110°C. with an intermediate filtra- 
tion of the first recovery. A second evaporation and dehydration period 
for the purpose of recovering the last recoverable portion of silica follows. 
The process is accompanied by the formation of difficultly soluble basic 
chlorides and the time factor is unfavorable. For determination of silicon 
in iron and steel Drown’s method is used. This method is faster because 
boiling sulfuric acid is used to dehydrate the silicic acid. This method still 
has the objection that the resultant anhydrous sulfates are more difficultly 
soluble than the basic chlorides in the former process. Acetic anhydride 

















, 1932 











ANALYTICAL CHEMICAL RESEARCH 89 


Vou. 9, No. 1 


has been proposed for use in the dehydration of silicic acid with no ad- 
vantage over sulfuric acid. 

The Willard and Cake method for the determination of silica was de- 
veloped 10 years ago (6) and has many important advantages. Similar to 
Drown’s method the silicic acid is dehydrated by boiling with concentrated 
perchloric acid. Thus the time factor is comparable to that of Drown’s 
method. No insoluble basic or anhydrous salts are formed. Following 
dehydration, the residual salts are instantaneously soluble in the diluted 
solution. Most important, the recovery of silica by one dehydration equals 
the recovery of silica by the hydrochloric acid process or by Drown's 
method using double dehydration. The perchloric acid method: has other 
noteworthy advantages. But there was one big disadvantage ten years past 
when this method was first advocated. The cost of the perchloric acid used 
was excessive. The cost of perchloric acid is now no obstacle. Following 
appropriate promotional activities this acid is obtainable in purity suitable 
for use in the Willard and Cake silica determination at very moderate cost. 

Provision is made, as already discussed, for the supply of special ap- 
paratus necessary in the utilization of newly developed analytical research 
processes. Borosilicate glasses have largely replaced more fragile and 
more soluble glass used in analytical chemical operations. Transparent 
and opaque fused silica apparatus is commonly employed. Alloys have 
been substituted for platinum and new metals such as tantalum are used 
with great advantage. Hundreds of graded qualities of refinement in 
paper-filtering media are now available. As a substitute for the historic- 
ally famous asbestos-Gooch filtering crucible we have the platinum sponge 
Gooch-Munroe crucible, and the sintered glass, and sintered quartz filtering 
crucibles. Finally, it is possible to shift back to the porcelain Gooch cru- 
cible with the elimination of the asbestos fiber and the substitution of a 
fritted porcelain filtering medium. All of these innovations and hundreds 
of others have been made an integral part of the phenomenal march of 
progress in analytical chemical research during the past twenty years. 
This march of progress seldom has its praises sung. Instrument and ap- 
paratus makers play an important réle as promoters. Their recompense 
does not include an honorarium of praise. 

Progress in the field of analytical research does not alone involve instru- 
mental and physical chemical applications. Some of the most important 
contributions in the field involve the use of new organic reagents. The 
analyst will quickly respond to the mention of a few only. Phenylhydra- 
zine, dimethylglyoxime, ‘‘nitron,” “‘cupferron,”’ nitroso-8-naphthol, acetyl- 


acetone, and 8-hydroxyquinoline may be mentioned. The analytical re- 
search worker is not unaware of the fact that applications in the use of such 
organic reagents are futile by description only. Such research must be 
accompanied by arrangement by which exploitation in such manner as to 
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make them common items in the hands of the reagent supply houses and 
in the stores of every well-equipped analytical laboratory is provided. 
Space does not permit a detailed description of the manner in which this 
important detail has been arranged in particular cases. 

.The research analytical chemist must be patient in his pursuit of a just 
recompense in reward for services rendered. A new method or a pains- 
takingly improved old method may result in a total saving of time far 
outweighing in importance a casual appraisal. The saving of as little as 
five minutes in the operation of a method may prove months of time saved 
in the end by virtue of the fact that the method is employed ten thousand 
times yearly because of its routine analytical significance. A saving of 
ten cents in reagents each time an equally good method substitutes for a 
more expensive one may ultimately mean many dollars saved. The pigmy 
of a milligram increase in accuracy may prove the difference between medi- 
ocrity and a distinct success. The realization of the facts above disclosed 
very seldom makes the headlines of exploitation. 

A significant trend toward encouraging analytical chemical research has 
recently taken the form of the awarding of fellowships with generous sti- 
pends, the recipients of the fellowships in question being required to carry 
out research in analytical chemistry. Already the establishment of the 
fellowships sponsored by such industries as the J. T. Baker Chemical Com- 
pany and Merck and Company are producing results in the form of pub- 
lished research which it is hoped justifies the investment involved. The 
chemical literature of the past three years has numerous contributions, the 
result of the granting of analytical chemistry fellowships. The donors of 
the funds involved have thus expressed their belief in the promotion of 
analytical chemical research. The recipients of the fellowships have 
responded enthusiastically to the stimulus thus provided. 

In conclusion it may be said that the work of the analytical research 
chemist may prove to be productive in fields far removed from the aim and 
object originally projected. A particular example serves to illustrate. 

A method for ““The Determination of Thorium in Monazite Sand” was 
developed in 1914 by R. J. Carney and E. D. Campbell (7). The process 
was found to have been applied to the commercial separation of thorium 
from cerium by a manufacturer of incandescent gas lamp mantles. Before 
the time limit had elapsed the process was patented (8) and the patent 
assigned to the competing Welsbach interests. The analytical chemical 
research in question had indeed acquired a satisfactory promoter and the 
analysts a monetary return as an honorarium. 
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Literate researchers. It appears that those young men of scientific bent who have 
been kowtowing' in single-hearted devotion to the fetish of research are beginning to be 
punished for neglecting the altars of the Muses. The call for investigators who can 
write as well as they can juggle test tubes or logarithms swells into clamor. Even in 
economics it is getting so nowadays that grace of phrase and gift of fancy are almost in- 
dispensable to A-1 rating. And now a publication of the Federal Department of Agri- 
culture discloses that official attention has turned to ‘‘a glaring defect in the education 
of many applicants for professional positions in the Government Service.”’ This fault 
is the inability of the applicants to ‘‘express themselves freely and clearly,’ W. W. 
Stockberger, director of personnel and business administration, remarks: 


If a modicum of the time now devoted to the training of students to undertake 
research were devoted to training in the art of presenting in suitable form the results 
of investigation, a marked improvement in the clearness of the writing of students so 
trained would become evident. 


It might take more than a modicum of the time to do that business; there are 
those who live by the pen who would argue with the worthy doctor that it would take 
at least two or three modicums. This, however, is of relatively small consequence. 
What does count is that those who employ the persons who conduct inquiries and write 
reports are beginning at last to discover that the finished product is sometimes less than 
satisfying. 

It would be a fine thing if every applicant for a technical or professional job at 
Washington kept these lines of Horace constantly in mind: 


Tum mee si quid loquor audiendum 
Vocis accedet bona pars— 


If any should ask him what they mean he might refer the questioner to some good 
book of quotations. To himself, however, they ought to mean that the way to win 
praise is to say something worth hearing. To this might be added the corollary maxim: 
“The ideal bureaucrat is one who always can say something that somebody will think 
worth hearing.” 

Concerning the achievements of genius it may be said that matter is everything, 
manner nothing. An Einstein can do with a blackboard and a piece of chalk everything 
necessary to make relativity comprehended by an elect few. But most researchers are 
not geniuses. When they do find out something, as likely as not it isn’t so; but even if 
it is, it often amounts to little because inadequately set forth. 

The discovery of this is alsoa beginning of wisdom. It is therefore most profoundly 
to be hoped that the younger generation of college students shall forever destroy the 
bad old custom by which it was once possible to work up a thriving business writing 
themes for freshman engineers at 50 cents a theme. Let freshman engineers and fresh- 
man scientists of all kinds write their own themes or flunk in the attempt.— New York 
Sun (Aug. 12, 1931) via Ind. Eng. Chem., News Ed., 9, 310 (Oct. 20, 1931). 


MODERN CONCEPTIONS AND THE TEACHING OF GENERAL 
CHEMISTRY* 


ErRNEst A. WILDMAN, EARLHAM COLLEGE, RICHMOND, INDIANA 


An examination of current textbooks of general chemistry reveals that very 
little use is made in a fundamental way of the modern conceptions of atomic 
structure, valence, complete ionization of strong electrolytes, and of acids and 
bases. It is suggested that they should be made the basis of treatment rather 
than occasional additions to the established presentation. Some new terms and 
definitions which are implied by the conceptions are discussed. 


It is the opinion of the writer that modern conceptions of chemistry are 
too little used in the general chemistry course. If one may judge by the 
current well-known textbooks it is usually true that such ideas are given 
only passing attention in a few paragraphs. I refer to the conceptions of 
atomic structure-as an elucidation of the periodic table, to valence as we 
now understand it, to the complete ionization of strong electrolytes and its 
implications, and to the general concept of acids and bases. 

Since the purpose of this paper is to suggest a rather radical change in the 
presentation of general chemistry along these lines it may help one to realize 
the seriousness of the matter to take note of the opinions that several promi- 
nent authors have expressed in the prefaces of their books. Concerning 
the theories of atomic structure one (1) states that: ‘“‘Chemistry, thus far, 
has gained little from them, save the hint that oxidations and reductions 
are accomplished by means of negative charges of electricity ....’’ And 
again that: ‘“‘.... there seems to be no good reason to introduce atomic 
structure in the first few weeks of chemical instruction.’’ Two joint authors 
(2) say, “‘Some teachers will feel that equations should now incorporate elec- 
tronic interchanges by suitable symbols. It is the feeling of the authors that 
in the interests of simplicity the equation should continue to indicate merely 
the transformation of matter in the usual sense....’’ Another author (3) 
mentions his favorable leaning but says that, “‘At the present time, how- 
ever, such a procedure would be more spectacular than practical.’’ He 
thinks that the pupils “‘still lack the background essential’ for appreciation. 
At another time this author (4) wrote, no doubt with a twinkle in his eye, 
“Unhappily, the atom has now fallen into the hands of the mathematicians 
and, according to present indications, when they have finished with it 
nothing tangible for the chemist will remain. All that can be done in a 
volume of this type is to guide the beginner up to the point where the 
catastrophe occurred.’’ This principle seems to have actuated this author 
also in another connection (5), for after devoting a page to an interesting 
discussion of the complete ionization of strong electrolytes he drops the 


* Presented before the Division of Chemical Education of the A. C. S. at the 
Buffalo meeting, August 31—-September 4, 1931. 
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subject suddenly with the statement, ‘‘Pending the further development 
of the Debye-Hiickel theory, however, we shall continue to employ through- 
out the rest of this volume the more familiar formulations of the Arrhenius 
hypothesis..... b 

Atomic Structure 


A different view from some of those quoted above is that the substantial 
basic theories of atomic structure coupled with the periodic table are them- 
selves a marvelous background for the teaching of chemistry rather than 
being a subject that has to be projected upon an already developed factual 
background. And for the most part it appears that this opportunity is 
not being used. Twenty textbooks have been examined. One deals with 
the subject in the first chapter and two others do so at an early stage, but 
these are not among the most widely used books. The latter are in- 
cluded in the remaining seventeen that on the average postpone such 
material until past the middle of the book. 

In spite of the fact that the atom has fallen into the hands of the mathe- 
maticians the atom and the electron are physical entities that manifest 
themselves to chemists in their traditional réles. It is, of course, not 
desirable or necessary for the teacher of general chemistry to follow im- 
mediately upon the heels of the mathematicians’ atomic research, but 
certainly it is unwise to lag several years behind. 

Our knowledge of atomic structure has given us the idea that the chemi- 
cal properties of the elements are the evidences of their attaining a more 
- stable electronic structure than nature endowed them with, a process which 
tends toward the rare gas structure. This idea is the fundamental key to 
the whole course. The rare gases logically occupy the central position in 
the periodic table, rather than at either side as usual. To the right of the 
rare gas group one may write groups IA and IIA, the elements that become 
positive ions when they lose the necessary number of electrons for attaining 
the rare gas structure. ‘To the left one may write groups VIIB and VIB, 
the elements that become negative ions by gaining electrons to accomplish 
the same end. Since the products of such reactions are obviously electri- 
cally charged here is the logical place to deal briefly with ionization, electro- 
chemistry, electrovalence, and polar compounds. This introduction to 
ions should he briefly supported by the evidence from the X-ray analysis 
of crystals, and by some experiments in electrolysis and electric cells. 

Confining the exposition now to the two short series of the periodic table 
it is simple to explain the fact that elementary ions of higher valence than 
two are formed with sufficient difficulty so that another method, the sharing 
of electron pairs, may preferably be resorted to for attaining the rare gas 
structure, and increasingly so the farther removed the element is in either 
direction from the rare gas group. 
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It may be mentioned in passing that the covalent bond in which two 
electrons have opposite spins is now being accepted as consistent with wave 
mechanics (6). It is reported (7) that at the recent Pasadena meeting of 
the American Association for the Advancement of Science, Heitler, Pauling, 
and Slater, speaking to a symposium, showed that ‘“The new mathematical 
theory confirms completely the idea of Professor G. N. Lewis, ...., that 
the non-polar type of linkage between atoms consists of two electrons 
paired.’’ Of course stressing this type of valence, which accounts for the 
great majority of chemical compounds, means extensive use of the Lewis 
electronic formula, including the method of indicating partial polarity and 
also of the formulation of coérdination compounds. 

The part of the periodic table already referred to may be conveniently 
displayed by placing the symbols of the elements in a spiral form around a 
glass cylinder. The writer believes that most of our charts suffer from 
over-simplification in the effort to make them compact. It is better to 
deal with the long series separately. 

Acceptance of these conceptions as fundamental groundwork for the 
course implies several changes in customary definitions and usages, and 
probably the invention of several new terms. New terms may be undesira- 
ble from the standpoint of seeming to complicate the subject, but on the 
other hand the abuse of familiar terms by using them to convey several 
different meanings is more confusing. For example, some of those working 
in the X-ray analysis of crystals have used the term “ion” to designate 
covalently combined atoms of such elements as carbon and silicon (8). 
This need for new terms has been mentioned recently by both American 
and English reviewers (9). 

The most used definitions of an element are compromises, such as, 
“A substance that resists all ordinary attempts to decompose it,’”’ and 
“‘A substance that cannot be decomposed by ordinary chemical methods.” 
Only two authors, in so far as the writer is aware, use the atomic number or 
the extent of the nuclear charge in defining an element. If this conception 
has been developed at the beginning, however, it is possible to use such a 
definition as, ‘‘An element is a substance in which all the atoms have the 
same atomic number.’’ A somewhat less rigid definition that is better than 
the first two is, “‘An element is a substance in which all the atoms have 
identical chemical properties.” 

The terms ‘‘chemical change’ and “chemical means’ are in an even 
less satisfactory state. ‘ome authors make-no attempt to define them but 
satisfy themselves by giving several examples. A chemical change may 
perhaps be defined as “the process by which atoms, ions, or molecules ac- 
quire or share a different number of electrons.” A more formidable 
definition is, ‘‘A mutual atomic, ionic, or molecular interaction, or an effect 
upon such units caused by agents like electricity and radiation, resulting 
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in numerically altered electronic quotas for the units involved.” This 
definition is not recommended for the beginners. 

The word “‘molecule’’ will have to be given a more restricted meaning 
than customary. Compounds such as sodium chloride seem not to form 
molecules except in the relatively unfamiliar vapor state. With this ex- 
ception, it is, therefore, an error to speak of a ‘“‘sodium chloride molecule.” 
A molecule should be defined as ‘‘the smallest physical unit of a covalent or 
homopolar compound.”’ 

Heteropolar compounds do not contain small units that have the proper- 
ties of the larger mass since they are made up of two or more unlike kinds of 
ions. Nevertheless, it is convenient in analytical work to refer by some 
term to the particular number of ions whose electrostatic forces balance 
each other. The term “‘ion-pair’’ has been used in this connection but it is 
objectionable because it does not apply to uni-bivalent, uni-trivalent, and 
bi-trivalent compounds. Since the emphasis is especially on the balanced 
electrostatic condition the writer suggests the term ‘‘electromole’’ for this 
purpose, and the corresponding derivatives, ‘‘electromolar,”’ ‘‘gram-electro- 
molar-weight,”’ etc. 

One wonders whether we may continue to use the term “compound.” 
The writer thinks that we may. A compound is the result of chemical 
combination. There are two main classes of compounds: homopolar and 
ionic. Since “homopolar compound” is a lengthy term we may identify 
this type which exhibits covalence as ‘‘co-compounds.” Analogously, we 
may suggest ‘‘ion-compounds.”’ 

We have a good name for an atom that is combined in an ion-compound, 
namely, ‘‘ion,’’ but we do not have an analogous term for an atom combined 
in aco-compound. The term “‘co-atom” suggests itself. 

The usual formula may be satisfactorily reserved for co-compounds. 
The formulas for ion-compounds, the writer thinks, should always be 
written with plus and minus signs over the symbols. 


Complete Ionization 


There are several important implications of the consistent use of the 
conception of the complete ionization of strong electrolytes. The tables 
giving ‘‘degrees of ionization’’ should be replaced by tables of “activity co- 
efficients.’’ In writing equations the ionic system is simpler and nearer to 
the actual occurrence. The writer believes that the resistance shown by 
many students to ionic equations is simply due to the fact that they have 
been given the so-called “‘molecular’’ equation first. Most people do not 
welcome the news that they were originally misinformed and that the thing 
will have to be learned over. 

The double decomposition reaction turns out to be no reaction at all 
except when there is a precipitate or a co-compound formed. Unfor- 
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tunately, this reaction has been frequently illustrated by representing with 
molecular formulas a reaction between sodium nitrate and potassium chlo- 
ride. Wide use is made of such expressions as the following: 


AgNO; = Ag + NO; 
KCI=Cl+K 
cS 

AgCl KNO; 


This expression is supposed to picture in an elegant manner the mutual 


equilibrium relationships of four reactions but three of them do not happen - 


if we accept the complete ionization idea. The significant one and all that 
it is necessary to represent is 
Ag + Cl — AgCl 
The writer is not primarily concerned with the argument as to whether 
or not one or two or three per cent of the ions in a solution of a strong 
electrolyte are “‘associated,’”’ or “‘ion-pairs,’”’ or ‘‘Debye-Hiickel clusters” 
or “molecules.” The point here is that in strong electrolytes the con- 
centration of ions is about thirty times as large as that of all other units 
can be. In addition the ions are the things that react. It is therefore 
doubtful wisdom to emphasize a supposition that ‘‘molecules’’ are present 
so largely as we have been doing by our meticulous writing of ionic and 
“molecular” equilibria. 
Acids, Bases, Salts 


The recently proposed ideas concerning acids, bases, and salts are 
probably as yet in less general favor for first-year consumption than the 
previous st:bjects. In so far as the writer is aware they are merely men- 
tioned in one or two textbooks and in none is there an attempt made to 
revise the established system. It is not the purpose of this paper to discuss 
the theories themselves. That has been done elsewhere (10). But the 
writer does want to express an opinion as to the sort of a presentation that 
may be used to advantage in beginning chemistry. 

In spite of the excellent work of Germann (11) on solutions in phosgene 
in which the cations of an acid are shown to be doubly charged carbon 
monoxide radicals we may not be ready yet to accept for general use the 
definitions of Lewis (12), who wrote, ‘‘It seems to me that with complete 
generality we may say that a basic substance is one which has a lone pair 
of electrons which may be used to complete the stable group of another 
atom, and that an acid substance is one which can employ a lone pair from 
another molecule in completing the stable group of one of its own atoms. 
In other words, the basic substance furnishes a pair of electrons for a 
chemical bond, the acid substance accepts such a pair.” These statements 
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represent the opposite extreme from the current too-limited conceptions 
and may be too broad for the greatest usefulness. As Davies (13) remarks, - 
“.,.. there is bound to be something of an arbitrary nature about our 
definition of an acid...” 

It seems that the arbitrary limits might be so placed as to connect the 
acid-base function with the proton and its reactions as has been done by 
Bronsted and by Lowry (14). The justification for this is the uniqueness of 
the proton’s reactions in a wide variety of solvents. Other atoms or groups 
which assume the typical proton functions may then be treated as special 
cases. If we accept such a limitation we can substitute in Lewis’ definitions 
some more general terms descriptive of behavior with respect to the lone 
pair of electrons. Then Germann’s “‘phosgenoacid,”’ other similar phe- 
nomena that may be shown to occur in such solvents as sulfuryl chloride, 
thionyl chloride, selenium oxychloride, etc., and proton chemistry are all 
related by the generalization but the familiar terms are reserved for the 
familiar reactions of protons. We shall in that way be conforming to the 
spirit of the advice given by Berzelius to Liebig and quoted by Walden 
(15), ‘“‘We must aim to make our scientific theories as clear as possible, but 
at the same time to change them as little as possible.’”” We shall also be 
guarding against the outcome feared by Walden (16) that the overextension 
of generalizations may result in a degeneration of our scientific concepts. 

It is the opinion of the writer that the view indicated above will obviate 
confusion and at the same time allow us to use the theories of Bronsted and 
of Lowry in general chemistry as a fundamental part of the course. In so 
doing we shall define salts as all electrolytes as Hittorf (17) and Ostwald 
(18) have done. An acid is a substance that furnishes protons. A base is 
an acceptor of protons. On this basis a more lucid and rational explanation 
may be given to such subjects as hydrolysis, common ion effect, and am- 
photeric substances. Further, as has been pointed out by others (19) such 
a development of proton chemistry is as rational and as sensible as the 
electron chemistry of oxidation-reduction reactions. or specific applica- 
tions the reader is referred to the above citations. 

Since this paper was projected there has appeared in the July, 1931, num- 
ber of the JOURNAL OF CHEMICAL EDUCATION an excellent editorial ger- 
mane to this subject in which occurs the statement, ‘These alterations in 
viewpoint are fundamental—elementary—and they should take their 
place in elementary instruction.’’ It is likewise the opinion of the present 
writer that they require a complete reorganization of the general chem- 
istry course. They are too important to be used merely as addenda. 
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Radium finds application in inspecting steel welds. Radium’s gamma rays have 
found another use, Dr. Gilbert E. Doan of Lehigh University reported to the American 
Society for Steel Treating recently. They make rapid and sure testing of steel welds 
possible. 

While ordinary testing of electrically made joints in steel necessitates breaking the 
joints, according to Dr. Doan, gamma-ray photographs of the joints disclose defects 
inherent in the welding without fracturing them. Previous use of X-ray and gamma-ray 
photographs of steel castings gave Dr. Doan the idea, he said, of using radium to reveal 
the flaws of welds. Dr. Doan’s experiments showed that his method is adequately 
sensitive and definite. 

Under the previous process, photographs of the fractures of the welds were insuffi- 
cient because the coloring as well as the outlines of the fractures was necessary to show 
if defects had existed. But simple inspection of the gamma-ray photographs by one 
who can interpret them, according to Dr. Doan, reveals all that is needed to know about 
the steel joints.—Science Service 
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CARBON COMPOUNDS IN GENERAL CHEMISTRY* 


ARTHUR J. CLARK, MICHIGAN STATE COLLEGE, East LANSING, MICHIGAN 


A comparison of the teaching of general chemistry and general physics is 
presented. A program for the course in general chemistry 1s suggested, dividing 
the work of the course into three approximately equal parts: (1) non-metallic 
elements, (2) metallic elements, (3) carbon compounds. This program 1s then 
discussed. 


Thirty years ago the teaching of “first-year chemistry” or ‘general 
chemistry” was fairly uniform and confined itself almost entirely to what 
we may call “inorganic chemistry.”’ For the student who wished more 
chemistry this was followed by a year of analytical (qualitative and quan- 
titative), a year of organic, and a year of physical. Quite in contrast to 
this has been the teaching of physics. Just as chemistry has been divided 
into inorganic, analytical, organic, and physical, so physics has been 
divided into mechanics, heat, sound, light, magnetism, and electricity. 
However, in the teaching of physics the first year has never confined itself to 
one or two of these subdivisions but has always covered the whole sub- 
ject. After this fundamental survey course, the advanced student may 
emphasize one or more of the subdivisions through more detailed special 
courses. The student who goes no farther than the first year’s work has a 
survey of the whole field and it is the opinion of the writer that the student 
who wishes to specialize in physics has not suffered by this policy. 

While some institutions still carry on as of thirty years ago, many 
teachers of chemistry have gradually modified the first-year course to 
include qualitative analysis, and more or less emphasis has been placed 
upon quantitative experiments and the introduction of physicochemical 
fundamentals. Only in a few instances, however, have the carbon com- 
pounds been treated in any way proportional to the importance of this 
very large group of substances. None of our textbooks of general chem- 
istry presents this material in such a way as to be very enlightening to the 
first-year student. Three or four chapters are not sufficient to present 
adequately the relationships existing among the various series of carbon 
compounds. I would like to present briefly a few ideas in connection with 
the problem of more adequate presentation of the compounds of carbon 
in the course in general chemistry. 

In the first place, inasmuch as we recognize that analytical chemistry 
and physical chemistry are equally concerned with inorganic and organic 
compounds, I would suggest a different subdivision of general chemistry 
into three divisions: (1) non-metallic elements, (2) metallic elements, (3) 
carbon compounds. 

* Presented before the Division of Chemical Education of the A. C. S. at the 


Buffalo meeting, August 31—September 4, 1931. 
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I would also suggest that the year’s work be divided approximately 
equally among the three groups. Naturally, the question is immediately 
raised—‘“‘If so much time is to be spent with the compounds of carbon, 
what is to be omitted that is now being given?” In order to discuss this 
more intelligently let us present a brief outline of the work to be covered 
under each subdivision: 


NON-METALLIC ELEMENTS 
Chemical elements 
Laws, gases 
Atomic and molecular ideas, volume and weight relationships, valence, formulas, re- 
actions, equations, problems 
Acids, bases, salts 
Chemistry of any element presents the following facts about that element: 
History 
Occurrence 
Preparation, properties, and uses 
Compounds—with O, H, halogens, etc. 
Acids or bases—salts of, properties and uses of 
Elements studied—O, H, halogens, C, N, S, P, Si 
The Periodic System 


METALLIC ELEMENTS 


Solutions—properties of, solubilities 
Ionization 
Equilibrium—effects upon, by temperature and pressure changes; by catalyst; by 
formation of precipitates, gaseous products, unionized products; by changes in 
molecular concentration 
Common ion effect 
Hydrolysis 
Oxidation and reduction 
Structure of the atom 
Electrochemical changes 
General study of the metals as to— 
History 
Occurrence 
Preparation (metallurgy) 
Properties and uses 
Compounds—alloys and salts 
Colloids 


CARBON COMPOUNDS 


Should allow student to become familiar with the general properties and relationships 

of such series of compounds as the: 

Hydrocarbons— 
Saturated 
Unsaturated 
Aromatic 

Alcohols—mono, di, polyhydric 

Ethers 

Aldehydes and ketones 
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Acids 

Esters, fats 

Carbohydrates 

Nitrogenous compounds—amines, cyanides, etc. 


Proteins 
Aromatic compounds—halogen, nitro, hydroxy, amino, etc. 


It will be noted that under the first heading not all the non-metallic 
elements are discussed. Only a sufficient number are used to develop 
the fundamental laws and concepts as indicated. Once the student has 
mastered these and realizes that the chemistry of any element is covered 
by certain facts concerning the history, occurrence, etc., of the element 
he is in position to go intelligently to a reference work and obtain those 
facts if he desires them at any time. I do not believe it is necessary or 
advisable to present all this factual material in the first-year course. 
Likewise, in the study of the metallic elements, it is manifestly impossible 
in approximately twelve weeks to devote time to each metal individually. 
There is time, however, to take up in general the history, occurrence, metal- 
lurgy, properties, uses, alloys, and compounds of the metals. A few may 
be covered in some detail as examples. Modifications in metallurgical 
practice and detailed variations in properties among the many metals, 
however, are not essentials in the course in general chemistry in my opinion. 
Our textbooks could easily be reduced one-third in size by omitting much 
of this factual, encyclopedic material. This would then make it possible 
to present the important relationships among the groups of carbon com- 
pounds in a systematic manner without unduly enlarging the text. 

The laboratory work should be appropriate for each division of work. 
In connection with the first portion of the work the writer advocates fewer 
test-tube experiments and more experiments of a quantitative nature. 
Qualitative analysis fits in well with the study of solutions and the chemis- 
try of the metals, but it must be a brief course with the aim of using it to 
illustrate fundamental ideas rather than to make expert analysts of the 
students. From this angle there is little value in a large number of un- 
knowns. In connection with carbon compounds a number of the simpler 
preparations and purifications brings the student into touch with the 
general properties of these compounds and gives him a knowledge of such 
general operations as distillations, fractional distillations, extractions, © 
boiling-point determinations, etc. 

I believe that any course in chemistry should be a study of chemistry 
and not a study about chemistry. The course should teach the student to 
reason and think in a scientific manner. Interesting practical applications 
may be presented from time to time with value, but I am of the opinion 
they should be considered as incidental to the main objective of the 
course. 
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The course should provide a solid foundation upon which the teachers 
of analytical, inorganic, organic, physical, and the applied phases of the 
subject may build their courses. 

Our national society is interested in disseminating a knowledge of 
chemistry as broadly as possible among our citizens. A large percentage 
of the students who take chemistry in our colleges take one year only of this 
subject. The teachers of chemistry can surely advance the aim of the 
society by making the year of “general chemistry” truly a “general” 
course, including a more adequate presentation of the chemistry of the 
carbon compounds. 


Find way to measure amount of vitamin B needed. A mathematical formula which 
will enable scientists to determine how much vitamin B you need in your diet to protect 
you from beriberi and which will show whether your ordinary dietary contains enough 
of this precious anti-neuritic vitamin was reported to the National Academy of Sciences 
meeting recently in New Haven by Prof. George R. Cowgill of Yale University. 

Heretofore the only way of telling whether a diet contained enough vitamin B to 
protect against beriberi has been the rather negative method of observing whether or 
not persons living on that diet developed the disease. 

Using a vitamin B concentrate prepared from yeast, and determining the minimum 
amount of this substance required each day by a mouse, a rat, a pigeon, and a dog, 
Prof. Cowgill arrived at his formula expressing the vitamin B requirement per day. 

“The vitamin B requirement may be regarded, provisionally, as proportional to 
the total metabolism multiplied by a factor correcting for age,”’ he said. 

The formula was worked out on the requirements of animals which could be deter- 
mined directly, but Prof. Cowgill reasoned that it could also be applied to man and tested 
this theory by four methods: by using the formula to estimate the daily vitamin need 
of men of different body weights; by calculating the vitamin B content of various repre- 
sentative human dietaries, expressing the results in terms of equivalents of the vitamin 
B concentrate used in the animal tests; by noting, on the basis of these calculations, 
whether the diets should have allowed or prevented human beriberi; and by comparing 
these results with the observed facts concerning the incidence of this disease. 

For example, a man weighing 154 pounds and living on the average American diet 
would be receiving a daily vitamin B intake equivalent to 8.2 grams of the test concen- 
trate. Such a man’s requirement, according to the formula, would be 6.47 grams and, 
therefore, he should not develop beriberi. Actually, beriberi occurs very rarely in the 
United States, which seems to prove the accuracy of the calculations and the formula 
on which they were based. 

A similar result was obtained using the average German dietary, which agrees with 
the fact that beriberi is also rare in Germany. 

A study of the data on North China dietaries shows that the factor of safety is even 
greater in this case than in Germany and America. This finding is in agreement with 
the fact that in contrast to the Southern Chinese, who eat large amounts of white rice 
and among whom beriberi is very prevalent, the Northern Chinese people make liberal 
use of cereals, soy beans, vegetables, and fruits and show relatively few cases of beriberi. 

A study of the exclusive meat diet eaten by the explorer, Vilhjalmur Stefansson, 
for over a year without the appearance of beriberi showed that the diet was adequate, 
although the factor of safety against beriberi was only moderate.—Science Service 
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STUDENT ACCURACY IN THE PHYSICAL-CHEMICAL LABORA- 
TORY 


E. C. GitBert AND G. C. WARE, OREGON STATE COLLEGE, CORVALLIS, OREGON 


An effort has been made to establish a criterion of accuracy for the average 
student in elementary physical chemistry in the writers’ laboratory. This 
has been accomplished by making a systematic record of actual results, accept- 
able and unacceptable, turned in during a period of eight years. A table is 
given showing the results of certain representative exercises, together with a 
brief discussion of the salient points. It 1s the belief of the writers that the 
average student will not, in the time allotted, be able to do the expervments 
customarily assigned, if the limits of error are defined as closely as they are in 
the quantitative laboratory. For certain experiments the student average is 
different from the theoretical or commonly accepted result. 


Laboratory work in physical chemistry may be undertaken with widely 
differing objectives. To some ‘‘the primary purpose of such experiments 
should be to give concrete illustration of the basic phenomena under con- 
sideration rather than to emphasize the experimental methods by which 
physico-chemical data are determined” (1). To others the acquisition of 
manipulative skill is equally important with a knowledge of the principles, 
so that the technic learned may be applied either in other laboratories 
or other fields of science. Both of these aspects are so well exemplified in 
the many excellent laboratory manuals available that the task before the 
instructor is one of elimination of the less useful experiments rather than 
finding suitable ones. 

The question is not entirely settled, however, with the choice of experi- 
mental material. Having assigned a given exercise to a class the problem 
immediately arises as to the degree of accuracy that may fairly be required 
in the numerical results. It is with this that the present paper deals. 
It goes without saying that the most satisfactory standard of accuracy 
would be that of the quantitative laboratory. There are a number of 
factors, however, which have considerable bearing on the results practically 
obtainable, among them being 

(1) the preparation and ability of the student 

(2) the quality of apparatus and purity of materials available 

(3) the accuracy of assumptions used in the calculations 

(4) the time available for carrying out the experiment 

(5) the elastic limit of the student’s honesty if he is called upon to 
repeat too many times an experiment for which he knows or can 
calculate the theoretical quantitative result. 

It is perhaps by reason of the large number of variables and differing 
objectives that the laboratory manuals as a rule* do not give much informa- 

* Finpay, ‘Practical Physical Chemistry,” 4th ed., Longmans, Green & Co., 


1925, gives limits of error in a number of exercises. 
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tion concerning the accuracy that the authors have found attainable in 
their own laboratories. The question of time is of more importance among 
the others than might appear at first glance. One illustration will suffice. 
A silver electrode should be carefully and slowly plated just before use. 
Not many instructors are so fortunate as to have help available to do this 
beforehand for the student, and it is very difficult indeed for a third-year 
student to prepare properly and test several silver electrodes, and deter- 
mine with quantitative accuracy several electrode potentials in different 
solutions during the three-hour period commonly allotted to the exercise. 
The instructor must therefore choose whether he will have the student 
determine perhaps one potential exactly, or whether he will accept ‘‘aver- 
age” results and have the student determine also the solubility of silver 
chloride and the dissociation constant of the silver-ammonio ion. Fur- 
thermore, if he chooses the latter what shall he accept for “‘average’’ re- 
sults? Too great leniency will cause the student to lose respect for the 
course, as well as produce results from which there is no possibility of 
drawing conclusions as to principles involved. 

In this laboratory the attempt has been made to strike the middle course 
and hold the student to the highest degree of accuracy of which he seems 
capable and at the same time to make the experiments broadly inclusive 
as to principle. 

Our first attempt to set limits of error beyond which the work must 
be repeated was to hold the student to the limits specified by Findlay (4). 
These were soon found unsatisfactory or unattainable in many instances 
and the next approach was to carry out the experiments personally a short 
time ahead of the students. This was time-consuming and also it is ap- 
parent that the average student will not be able to attain the same degree 
of accuracy as the instructor. 

It was finally decided to keep a record over a period of time of the exact 
numerical results turned in by each student and in this way to obtain an 
idea of the accuracy attainable by the average, this then to be used as a 
criterion of performance in the future. This record has been kept in the 
form of a large sheet of cardboard or heavy paper on a drawing board with 
the students’ names at the left and the experiments in numerical order in 
vertical columns from left to right, a space about 1.5 by 4 cm. thus being 
left for recording the final numerical results of each student for each ex- 
periment. The record of each student for a term is thus found in a hori- 
zontal line across the sheet and the assembled results of the entire class 
for any experiment are found in a vertical column under the appropriate 
heading. When an experiment is completed and written up satisfactorily 
the data are entered on the board with a small double check. If some 
minor changes are necessary only a single check is made and the second 
check put on when the report is finally accepted. 
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This record board has proved so valuable that its use is now a part 
of the regular routine of the course. It gives at a glance the student's 
status as compared to his fellows, both in regard to amount of work com- 
pleted and also the quality of the work. We have also followed the prac- 
tice of jotting down with the data, values which the student has found for 
certain items like radii of capillary tubes in surface tension, calorimeter 
constants, cell constants in conductivity, etc., which change but little from 
year to year. Ifa student turns in a report with some of these fixed quan- 
tities outside the range of possibility it points directly to a gross error or 
dishonesty, though the latter is very rare indeed. 

The records thus obtained are retained from year to year and form a 
basis for comparison of one class with others over an extended period. 
The system has now been in use for a sufficient length of time to give also 
a quite definite idea as to the accuracy that may be required of our students 
in a large part of their work. For illustration, results of characteristic 
experiments or parts of experiments throughout the year’s work in ele- 
mentary physical chemistry and covering a period of eight years have been 
assembled in Table 1, page 105. 

This work has been done by juniors in chemical engineering and indus- 
trial chemistry with a sprinkling of students from the biological sciences. 
Their curriculum is so arranged that they have a very heavy load of labora- 
tory work, and it is essential that the experiments be arranged so that they 
can be completed within three hours, and also that they will call for a 
minimum of repetition, if the work has been carefully done the first time. 
As may be seen from the table not all of these experiments have been 
done every year of the eight. Brief notes concerning each exercise 
follow. 

(1) (2) Molecular Weight by the Dumas and Victor Meyer Methods. 
Each student is given an unknown volatile liquid to be used for both meth- 
ods and works to obtain duplicate results by the two, rather than striving 
for a known result. It is interesting to note that both methods give a 
high average result for chloroform, better agreement with the correct value 
being obtained by the use of Berthelot’s equation. The average error in 
this laboratory has been much larger with the Victor Meyer method than 
with the Dumas. 

(3) Viscosity of Benzene, Using the Ostwald Viscometer. This experi- 
ment is no longer used by us, measurements on other substances having 
been recently substituted. It is included here as an example of a relatively 
‘‘fool-proof”’ experiment in which only gross errors which ought to be easily 
avoided will cause any large error in the result. The close correspondence 
between the student average and the accepted value (International Critical 
Tables) shows this (2). Even so, there were nearly four per cent of the 
students who were unable to arrive within five per cent of the correct figure. 
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The benzene was of “‘C.P.” quality, thiophene free, and dried over sodium. 
A good constant temperature bath is available. 

(4) Surface Tension of Ethyl Alcohol. For this experiment capillary 
tubes having a wired-on glass scale are used in 5-cm. test tubes. The 
heights of menisci are read only with a magnifying glass. The radii are 
determined by measuring the rise of benzene. Ordinary absolute alcohol 
isissued. With these handicaps it is remarkable that the average deviation 
is only about one per cent and only two students out of one hundred twelve 
failed by more than five per cent. The average, however, is just a little 
over two per cent below the accepted value so that in figuring allowable 
error it would be unfair to the student to use the accepted value as the 
standard. Findlay specifies a permissible error of only 0.5 per cent. 

(5) Molecular Weight cf Naphthalene by Cryoscopic Method. For this 
experiment ‘‘C.P.’’ naphthalene is used and thiophene-free benzene, which 
however, has not been dried. The average deviation of a single result is 
very small yet nearly six per cent of the first results turned in are in error 
by more than five per cent. When it is possible for the general run of 
students to obtain such good results, we feel justified in asking those with 
widely diverging values to repeat the determination, in make-up periods, if 
necessary. 

(6) Dissociation Constant of Weak Acids, by Conductivity. Several acids 
are used but acetic acid is chosen as an example. The conductivity is 
determined at eight dilutions using a Leeds and Northrup Student Po- 
tentiometer for the bridge. The values tabulated are the mean of the eight 
found by the student and hence they reflect the accuracy with which 
the dilution pipets are calibrated. This accounts for the rather high 
average error. The student is given the acid as an unknown and his 
only check upon his work is the constancy of the dissociation constant. 

(7) Solubility Product by the Conductivity Method. Well-washed silver 
bromate is furnished the student and the mean result is surprisingly close 
to the accepted value. Results outside a limit of 5.75 + 0.2 call for repeti- 
tion or a low grade on the experiment. 

(8) (9) Electrode Potentials. The results tabulated are only a small part 
of the experiment but are representative. The zinc electrodes are amal- 
gamated and washed with dilute sulfuric acid immediately before use. 
The copper electrodes are spirals of No. 18 wire which are cleaned in dilute 
nitric acid just before use. This procedure has given quite satisfactory re- 
sults as may be seen by comparing the student result with the accepted 
value. [The accepted value has been calculated using activity coefficients 
for copper and zinc sulfate taken from Lewis and Randall, ‘“Thermodynam- 
ics’ (3).] Time saved in the preparation of the electrodes is used in extend- 
ing the scope of the experiment. It should be mentioned that fifty-five per 
cent of the excessive errors reported for the copper electrode occurred 
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in one small class about six years ago. The reason for this was never 
discovered. Two years occurred in which there were no errors in excess 
of five per cent. All results for the zinc electrode lie within this limit. 

(10) Weston Standard Cell. To economize in the use of calibrated stand- 
ard cells the students are required to prepare their own, which are then used 
by them for all subsequent work in electrochemistry. They are provided 
with carefully purified mercury, but the chemicals are merely the ordinary 
“C.P.” or “Reagent” grade. The cells are prepared according to the direc- 
tions in Findlay (4), ‘Practical Physical Chemistry,” and after standing 
several days are compared with a certified cell using Leeds and Northrup 
Student Potentiometers. Very good agreement is obtained among the 
students. Only two cells of the entire number varied from the mean by 
more than two millivolts, but it is evident that there is a constant source 
of error as the cells on an average read about two millivolts high. This 
is probably due to traces of impurities in the cadmium or salts used. 

(11) (12) Concentration Cells. ‘The silver electrodes consist of spirals of 
No. 20 silver wire and are prepared for use by cleaning in dilute nitric acid. 
Electrodes are used only if they differ in potential by not more than 1-2 mv. 
when immersed in the same solution. The mean of 115 reported results for 
the cell 

Ag, Agt (0.01 /)—-KNO;,(1.0 M)—Agt (0.1 M), Ag 


agrees within the limits of error with the value calculated, assuming no 
liquid junction potential and using activity coefficients from Lewis and 
Randall (3). There is however a wide range of variation on each side of 
the mean and results within ten per cent are usually accepted. It is be- 
lieved that most inaccuracies are due to polarization or oxide formation 
on the surface of the electrode. Thirty per cent of the excessive deviations 
occurred in one year. 

The saturated solution of silver chloride for (12) is prepared by adding 
two or three drops of 0.1 N silver nitrate to a test tube full of 0.1 N potas- 
sium chloride and the resulting loss of chloride ion neglected. The wide 
divergence noted among individual results is caused not so much by in- 
accuracy in determining the potential of the concentration cell as by varia- 
tions in the assumptions used in calculating the results, 7. e., differences in 
activity coefficients found in various laboratory manuals, assumption, 
perhaps, of complete ionization, etc. There is found nevertheless an 
average difference from the accepted value given in the International Criti- 
cal Tables of about fifteen per cent (5). 

(13) Jon Product for Water. The potential of the cell 


Pt, He KOH (0.1 M)—KCI (0.1 M)—HCI (0.1 M) Ha, Pt 


is measured and from it the ion product is calculated. The wide variation 
here has been made the subject of careful observation and two causes have 
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been noted. On the experimental side has been found a considerable tend- 
ency for students to polarize the electrodes, which are small. On the other 
hand there are found in this experiment some rather involved calculations 
and assumptions as to liquid junction potential, activity coefficients, etc., 
and variations in these are reflected in the results. The student average 
is 1.3 as compared to the accepted 0.9-1.0 K 107". 

(14) Ionization Constant for Boric Acid. This constant is obtained by a 
colorimetric determination of the hydrolysis of sodium borate using 
phenolphthalein, and is calculated on the basis of complete ionization of 
salts. Each student result is the mean of three determinations. The 
average Over six years is higher than the accepted value and this is taken 
into account when judging a student’s ability from his results. 

(15) Potentiometric Determination of pH. ‘This exercise has been in use 
only one year under the present plan of giving each student the same buf- 
fered solution. This same solution is later given him again as an unknown 
for colorimetric determination of pH and the agreement has been very 
satisfactory. The chief difficulty noted is the tendency of the small Wendt- 
type electrode to polarize. The student is advised to check the electrode 
in a known solution several times during the three-hour period. 


Summary 


A method of keeping laboratory records in elementary physical chem- 
istry is described whereby all the results of a class or individual for a term 
may be seen at a glance and also preserved for comparison and standardiza- 
tion of student work in subsequent years. No originality is claimed for 
this, but its use has proved very valuable. 

From a study of the results obtained over a period of years the instructor 
is able to form a good opinion of a student’s accuracy as compared to the 
average. The average does not coincide in some instances with the the- 
oretical or commonly accepted result due to constant errors introduced by 
technic, chemicals, or methods of calculation. The laboratory average 
rather than the theoretical is used a basis for judgment of a student’s 
ability although the student is not specifically informed to that effect. 

Wherever possible ordinary easily available chemicals are used and as 
much of the instructor’s and student’s time is conserved as is possible in 
the preparation for experiments, in order to increase the scope of the work. 
The results obtained, in our estimation, justify this policy. 
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Diphtheria prevention perfected with toxoid. Latest methods of preventing 
diphtheria, the effect of drought on the country’s health, and what health authorities 
can do about the current depression were the chief topics discussed before the meeting 
of the American Public Health Association recently in Montreal. 

“A death from diphtheria must be considered as a result of ignorance or neglect,” 
Dr. W. T. Harrison, of the National Institute of Health, declared at the symposium on 
toxoid immunization, latest method of diphtheria prevention. 

Two methods of preventing diphtheria deaths now exist; one is early treatment of 
the disease with antitoxin; the other is prevention by immunization with toxoid, suc- 
cessor to toxin-antitoxin, Dr. Harrison explained. 

“The prevention of diphtheria by active immunization is the greatest thing in 
public health since Jenner’s development of vaccination against smallpox,’’ Dr. Harrison 
said. 

He predicted that diphtheria, once the dreaded scourge of childhood, will disappear 
in a few more years. 

Credit for the development of immunization against diphtheria goes to Dr. William 
H. Park, director of laboratories of the New York City Health Department, although 
toxoid was first introduced by Prof. G. Ramon of the Pasteur Institute in Paris. 

“Dr. Park has doze more than any living man to wipe out diphtheria,”’ Dr. Harrison 
said. He developed toxin-antitoxin, and it is his influence on health departments, 
parents, and physicians that has enormously reduced the diphtheria death rates in many 
American cities. 

The diphtheria bacillus produces a poison or toxin which, in massive amounts, 
causes illness and death. Antitoxin is an antidote to the diphtheria poison and is used 
to treat cases of the disease. Toxin-antitoxin, on the other hand, is toxin largely neu- 
tralized by antitoxin. When it is introduced into the body, the antitoxin gradually splits 
off, leaving more and more of the toxin. These very small doses of toxin have the effect 
of raising the body’s resistance to the disease or giving it immunity. 

Toxin-antitoxin has the disadvantage that when it has been frozen for a time it 
may become inert, or, on the other hand, may become toxic. This uncertainty is en- 
tirely absent in toxoid. Toxoid is toxin to which a small amount of the common dis- 
infectant formalin has been added, and which is then kept at a temperature of 100 to 
102 degrees Fahrenheit for from three to six weeks. During this time it loses all its 
toxicity but retains its immunizing properties. 

Toxoid is entirely non-poisonous and absolutely harmless, Dr. Harrison emphasized. 
No case of injury has been known to follow its use. Neither is there any danger of 
serum sickness, as it contains no horse or other serum. It is given in courses of two or 
three treatments. After the first course, nine-tenths of the children become completely 
immune. Toxoid is twenty to thirty per cent more efficient, even when only two doses 
are given, than is toxin-antitoxin, experiments have shown. 

Toxoid plus alum gives the best results, Dr. Park and his associate, Dr. May C. 
Schroeder, reported. Toxoid should be used for pre-school children. In a small per- 
centage of older children and adults, toxoid causes a marked local reaction.—Science 
Service 
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CHEMISTRY IN THE COLLEGE CURRICULUM OF THE PRE- 
MEDICAL STUDENT* 


Roy I. Grapy, THE COLLEGE OF WOOSTER, WOOSTER, OHIO 


This article shows the courses which are required, recommended, considered of 
doubtful values, and are not desired by a number of leading medical schools in 
the premedical training of their students. The importance of chemistry in 
such training ts clearly indicated. 


Teachers of chemistry recognize the fact that the American Medical 
Association’s minimum requirement of twelve semester hours in chemistry 
is not sufficient to prepare properly the student for the study of medicine. 
The American Medical Association has not been willing to increase ma- 
terially these requirements lest it work a hardship on some of the less 
well-equipped colleges. 

Some of the medical schools have published an increase in their re- 
quirements and others strongly recommend more chemistry. A study of 
the catalogs of the medical schools, however, does not indicate sufficiently 
the importance of chemistry. 

The failure of the medical schools to publish their recommendations 
brings about a similar situation in the catalogs of the undergraduate 
schools. The chemistry teachers in most colleges are not privileged to 
make up the curriculum for the premedical student. This is ordinarily 
done by a committee representing a number of departments. Often the 
committee does not agree as to which science is most essential. Because 
there is no definite source of reliable information and also because of con- 
siderable misinformation many colleges simply publish the minimum re- 
quirements of the American Medical Association in their catalogs. 

In order that we might improve this situation we wrote to the deans 
of a number of Class A medical schools asking that they indicate what 
courses, (1) they require, (2) they recommend, (3) they are doubtful as to 
the value of, and (4) they do not desire. For the convenience of the 
medical schools, we enclosed a sheet listing the courses offered in the College 
of Wooster from which the premedical student elects his course. The 
deans were asked to indicate in the proper column their attitudes toward 
the courses listed. 

The following twenty-two medical schools answered our inquiry and are 
included in the summary: Baylor, Chicago, Cincinnati, Columbia, Cornell, 
George Washington, Harvard, Johns Hopkins, Louisville, Marquette, 
Michigan, Minnesota, Northwestern, Pennsylvania, Pittsburgh, Ohio 
State, Stanford, Vanderbilt, Virginia, Washington (St. Louis), Western 
Reserve, and Yale. 


* Presented before the Division of Chemical Education of the A. C. S. at the 
Buffalo meeting, August 31-September 4, 1931. 
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SUMMARY OF REPLIES 
Number of Schools 


‘ . Requiring 
Sem. Requir- Recom- Doubt- Not De- or Recom- 
Subject hrs. ing mending fu Siring mending 
Biology: 
RBRORD oo cis Sina oe 4 18 3 0 0 21 
a 4 18 4 0 0 22 
Vertebrate Anatomy....... 4 6 13 0 0 19 
Physiology............ 4+ 1 6 4 4 7 
Vert. Embryology........ 4 2 11 3 2 13 
Animal Histology..... 4 0 5 6 5 5 
Histological Techn..... 4 0 6 9 2 6 
PRUNIMNO od og Pk ode oe 4 0 10 6 2 10 
Chemistry: 
General Inorganic...... 8 22 0 0 0 22 
Qualitative Anal........ 4 12 9 0 0 21 
Quantitative Anal....... 4 9 9 1 0 18 
Adv. Quant. Anal...... 4 6 9 1 0 15 
Organic, lst Sem........ 4 22 0 0 0 22 
Organic, 2nd Sem........ 4 18 1 0 0 19 
Physical, lst Sem........ 4 1 17 1 0 18 
Physical, 2nd Sem....... 4 1 16 1 0 17 
Hoomomics............... 6 0 10 0 2 10 
English, Freshman. . . 6 20 2 0 0 22 
English Literature. ... 4 4 13 0 0 17 
co a a 4 0 3 10 1 3 
MN ss vk sass xs 10 0 3 12 1 3 
History, European......... 6 1 9 5 1 10 
History, American......... 6 0 9 +4 0 
Latin, two years of high 
eas ee wD a 2 13 4 1 15 
Latin, College............. 8 0 2 7 3 2 
Trigonometry............. 3 il 18 0 0 19 
Anal. Geometry........... 3 13 3 0 13 
A 3 1 6 6 if 7 
_. Seg ere oe 3 0 5 9 1 5 
UPON Cc ec ces cue ye 8 22 0 0 0 22 
Political Science........... 4 1 4 9 1 5 
es see 3 2 14 1 0 16 
a a a ee 4 0 4 6 3 4 
re ee 3 1 12 4 0 13 
Social Psychology......... 3 1 < fg 0 8 
INE 0 se eto vk ss Fans 10 0 Zz 7 +4 1 
SOE Sin co oS 3 1 8 5 2 9 
German All schools require at least one year of college German 
ate SAE aye Bo or French. Many’ require two years. Some require 
French both German and French. 


It would seem desirable, if at all possible, for the prospective medical 
student to take most of the courses which are either required or recom- 
mended by a majority of the schools answering. For this reason we have 
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added another column in which there is entered the total number of schools 
either requiring or recommending a given subject. Many of the-schools 


did not mark some of the courses at all. 
The following subjects were required or recommended by a majority 


(11 or more) of the medical schools: 


Subjects Semester Hours 

Biology: 

OOM nt Ra eta i eo pees eo ee +f 

Viertebrgte Aneto, 5. oo. 6... sca ood lage 4 

fT gee tral ae Ee APU BIOL ara A fe 4 

Vertebrate Embryology. ..... 06.06.0050 s ce ees 4 
Chemistry: 

CHeTOT RY TRON 655 Soho is Siete No ei 8 

Oielitetive Aaa oo) 6 ne ssctiaie' ssi bel alee 4 

Cuantitetive Angings. 5. cs. bebe eues 8 

(Ora i) hile eae bad fae Rema earner tire BS fo ean 8 

Parents 25 25 ok eee ee yon cee See ale 8 
Pipl Scheel Late. 36) 66 ce asic kt ee Sees 2 years 
RTM URIOUIN 655 65s 8's Sacco ae ace oe pease en 3 
Asiabytieds Geometry. os. 6s eg as Sek eeeb ie 
et Re ST ae em a ee ae 3 
Vit NES Siticedl shoe NEES Peat ar phe NGS Col Oe cette! 8 
PUMPMAN FE hoe Sis FEM eid «Ria, Sent See ene 3 
eveISM OM COPING S35 62 05% 6 Es oles eal es 16 
ROR MMPEER EH v5.5. onic, she ws Seach debs ie, o Dae eC a 12 


Such a curriculum totals 100 semester hours. A student taking the 
regular four-year college course, which is being strongly urged by many of 
the medical schools as well as the liberal arts colleges, could easily take all 
of these courses and still have considerable time for electives. Although 
this curriculum. would meet the entrance requirements of most schools, it 
would be well for the student to consult the most recent catalog of the 
school he hopes to enter and determine if that school has any special re- 
quirements which are not included in this list. 


Endurance of steel reduced by steam. Steam causes steel to weaken. Truman 
S. Fuller of Schenectady, N. Y., told the American Society for Steel Treating recently 
that this is especially true if the steam is wet. 

In Mr. Fuller’s experiments, specimens of various types of steel were subjected to 
forces of many thousands of pounds to test their endurance. Mr. Fuller then sprayed 
steam against similar samples and discovered that the strength of steel in steam was less, 
since the steel would break under less pressure when being subjected to the steam. 

If the steam was damp or contained oxygen, its power to rust caused an even greater 
loss in the steel’s endurance, Mr. Fuller reported. Even nickel steel and chrome-iron 
alloy, which stood up well under dry steam, gave way before this combination. In the 
case of some of the specimens he tried, when liquid water and oxygen were present in 
the steam, the steel being sprayed lost as much as half its strength.—Science Service 











MICROSCOPY OF THE COTTON CELLULOSE FIBER 


R. N. Titus, C. J. Staup, AND Harry LEB. Gray, EASTMAN Kopak Company, 
ROCHESTER, NEw YORK 


There is given in this paper a brief review of the general growth process by 
which the cottonseed hair 1s formed. This 1s followed by a discussion of the 
composition of the primary cell wall and the microscopy of the growth of the 
secondary cell wall, with an outline of the mechanism by which these processes 
may take place. There is a short section devoted to the subject of the so-called 
‘‘dead hairs’’ and a brief statement of the possible theoretical mechanism of their 
formation. The subject of the desiccation of the cotton fiber ts also discussed, 
A short section of this paper 1s devoted to the cuticular layer. A section is 
concerned with a general review of the present conception of the cause and 
formation of the spiral form of the desiccated fibers. The work done on the 
study of the porosity of the cotton fiber is also presented. Some of the literature 
dealing with the correlation between the areas of strain in the living fiber with 
the twists of the desiccated fiber is reviewed. Finally, the theoretical considera- 
tions attempting to explain why a desiccated fiber cannot be restored to its 
original form are given. 


With the advent of cotton as a source of cellulose for the production of a 
considerable number of widely used technical products, the attention of 
many investigators has been directed toward the physico-chemical and 
colloidal aspects of its structure. As a background for these considera- 
tions, an understanding of the development ‘and characteristics of the 
cotton fiber may be helpful, forming as it does a basis for the work in X-ray 
structure and micellar hypothesis. 

In the manufacture of a yarn of fabric, the physical characteristics of 
the ultimate hair or fiber determine the character of the finished product. 
The factors of shrinkage, strength, elasticity, or ability to resume its shape 
after deformation, surface character, and water absorption are all very 
important to the textile manufacturer. In this connection the British 
Cotton Spinners Association established a research group. To them, par- 
ticularly W. L. Balls and H. J. Denham and their co-workers, belongs credit 
for much of the available detailed knowledge of the internal architecture of 
the cotton fiber. 


Growth of Cotton Fiber 


The cottonseed husk, which composes the tough, horny covering of the 
seed itself, when seen in cross-section has several layers of cells. The 
palisade cells which give the toughness to the seed coat consist in their 
upper part almost entirely of cellulose. It is the uppermost layer of 
epidermal cells, however, that figures prominently in the formation of 
the cotton fiber. This layer is made up of cells with thick, laminated walls 
containing a brown nuclear substance. In the course of development the 
114 
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outer wall of a cell here and there begins to bulge. The swelling enlarges 
to about twice the diameter of the original cell and the nucleus passes 
out into it and keeps a short distance behind the tip of this growing hair 
or fiber. According to Balls (1), the fiber grows on an average of about 
twice its diameter every hour and attains its full length in about three 
weeks. At this period in its growth the cell of the fiber is very thin and to 
casual examination quite structureless. Only by careful staining can 
evidences of the cuticle be shown at this period in its growth. 


Composition of Primary Cell Wall 


It is generally conceded that the composition of this primary cell wall is 
chemically different from that of the rest of the fiber and to it the term 
“precellulose’’ has been assigned (2). Confirming this difference in com- 
position, it has been found (3) that cotton boiled in alkali loses weight rap- 
idly for the first half hour, then remains without change for at least 2'/. 
hours and begins to rise again after seven hours. This supposedly in- 
dicates two distinct reactions toward alkali by components of varying 
composition. 

Secondary Wall 


At the cessation of the growth in length of the fiber, the secondary 
thickening begins, the protoplasm in the cell laying down concentric layers 
of cellulose against this primary wall. Growth inward continues for 
another period of about three weeks, at the end of which time the fiber 
has assumed the shape of a very thick-walled tube with a comparatively 
small central lumen. Through a study (19) of the fibers from dated bolls 
it was anticipated that growth rings should be present to the number of 
about twenty-five, which would make each daily layer approximately 
0.0094 mm. thick, which is below the resolving power of the microscope for 
ordinary light. These rings, however, were subsequently shown by swell- 
ing the fiber with other reagents (4) to about five times its original dimen- 
sions but arresting the action short of complete solution. 

These rings can be shown experimentally (5) by boiling a small quantity 
of cotton with 1 per cent sodium hydroxide, washing, then souring with 
acetic acid, washing again, and drying. A small amount of this dried 
cotton is then treated with a few cubic centimeters of 10 per cent sodium 
hydroxide and carbon bisulfide and allowed to stand for a few hours. 
Under this treatment the hairs swell and the growth rings may be observed 
under the microscope at a suitable magnification, as with a 4-mm. objective. 

The possibility of a difference of composition within this secondary 
cellulosic wall was scouted by Denham (6) who felt that the periodic cessa- 
tion of growth during the sunshine hours of each day was not sufficient cause 
for such an effect. It has recently been shown by Maskell and Mason (7) 
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that the nitrogen content of the leaf of the cotton plant increases by 
day and decreases by night and that in plants without bolls the nitrogen 
in the bark shows a similar fluctuation, while for plants with bolls the nitro- 
gen content of the bark just below the foliage level shows no appreciable 
variation. From these data it is reasonable to postulate that there may 
be a difference in the nitrogen content of the cellulose laid down on this 
inner wall from hour to hour during the day sufficient to give it slightly 
different optical characteristics when swollen. A more elaborate view of 
this structure is given by Liidtke (8) who conceives that plant fibers in 
general are divided into a series of concentric cylinders by skins of fur- 
furoid substances and that these are further divided by membranes radiat- 
ing from the axis. Photomicrographs showing this structure and the actual 
separation of the cell wall into its various cylindrical layers in the case of 
elm wood fibers have been presented to the Cellulose Division of the 
A.C.S. by G. J. Ritter (9). 
Dead Hairs 


When, through some functional disorder in the plant, the cellulose de- 
posits on the inside of the primary cell wall cease prematurely, an immature 
fiber results, being characterized by a large central lumen, thin side walls 
composed mostly of ‘‘precellulose’”’ and probably containing tannins. 
These fibers which are usually, to some extent, present in all cotton have 
been inappropriately designated ‘‘dead ‘hairs.”” As a matter of fact, all 
cotton fibers are dead after the boll breaks and these immature fibers 
might well be designated by some more accurate name. 


Desiccation 


The fibers, up until the boll breaks, have maintained a cylindrical form 
with a well-defined centrallumen. With the breaking of the boll, the fibers 
fluff out and, losing their water by desiccation, take on the form of a more or 
less flattened ribbon with a collapsed lumen and with characteristic con- 
volutions. Under polarized light they assume a variegated appearance 
of light and extinguishing areas with finer detail of the surface. Treat- 
ment of the fiber with various reagents serves to bring out other structural 
features. Cuprammonium solution dissolves the cellulosic components 
with a great deal of swelling, producing the characteristic ‘‘sausage” 
effect owing to the insolubility of the cuticle. Treatment with a dilute 
alkali swells the fiber, showing spiral fibrils, and various stains and dyes 
expose other features of its internal structure. 


Cuticle 


In common with the epidermal cells of most plants the cotton fiber has 
an outer cuticular covering. This layer can be demonstrated by the use 
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of Scharlach-R which has an affinity for fatty substances with which this 
layer seems to be impregnated. Analysis of this waxy material extracted 
from cotton fibers (10) shows them to be principally gossypyl and montanyl 
alcohols and some acid esters as carnaubic, palmitic, stearic, etc., together 
with other compounds. 

A study of the particular properties of the cuticle presents a good many 
difficulties. It is distinct from the primary wall but molded so closely 
to it that some characteristics attributed to it are actually markings in 
the wall beneath such as the stomata described by deMosenthal (15). 
Balls (2) states that there is evidence of a spiral structure in the cuticle 
probably corresponding with the pit spirals of the primary wall. The 
réle of the cuticle in mercerization of the fiber gives information regarding 
its characteristics (11). The fiber shrinks in length and also in its perimeter 
with the breaking of the boll. During mercerization there is a further 
decrease in length, together with an increase in the circumference, and dur- 
ing the drying after mercerization there is another decrease in circum- 
ference. Through these changes the cuticle acts as a semi-elastic retaining 
membrane conforming to the changing shape of the fiber. The studies 
of mercerization have further indicated that the inhibition power of 
the cuticle is less than that of the cellulose beneath and that there.is a 
selective inhibition along its spiral markings (13). 


Spiral Structure 


The spiral structure that may be seen in a cotton fiber has been studied 
by many investigators. Denham (13) enumerates four distinct classes of 
spirals. This structure does not proceed always in the same direction but 
suffers more or less regular reversals, although in the majority of cotton 
hairs it starts at the epidermal layer in a sinister spiral. Statistical studies 
have not shown definitely the factors which determine them. Intimately 
connected with this structure are many of the other properties of the cotton 
fiber such as its convolutions on drying, the reaction to polarized light, 
the fibrillarmicellar arrangements and its X-ray structure. 

A careful study (12) has shown that the pattern and the reversals of 
this spiral probably were determined during the growth in the length of 
the fiber and that as each successive layer of cellulose was deposited on the 
outer wall it conformed to the pattern that was already extant, first on the 
primary wall and subsequently on each secondary layer so that the struc- 
ture of the inner wall, in addition to being laid down in concentric cylinders, ' 
is subdivided axially into fibrils. In the growing hair the fibril boundaries 
were located by rows of pits. 

This picture of the fibrils in each successive growth ring lying parallel 
to each other is questioned by Denham (13) as always being the case. 
He conceives that while they may grow parallel at certain places, in others 
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the striations in the different growth rings may be at angles to each other 
and suggests that this arrangement may be the reason why at some points 
in the hair the growth rings may be shown more readily than at others. In 
any case the question, while an argumentative one based on microscopical 
evidence, can probably be clarified by X-ray studies. 


Porosity of Fiber 


It would seem from these investigations that there might be pits or 
crevices between the fibrils of a fiber extending from the outer wall to 
the lumen. Such have never been demonstrated but there is conclusive 
evidence of the porosity of the cell wall of the fiber. Clegg and Harland 
(14) in a unique investigation arrived at a fairly accurate approximation 
of this “‘pore space’’ in different cottons. 

The density of cotton found by weighing dry and weighing in water is 
close to 1.5, that is, one cubic centimeter of cotton weighs 1.5 g. or one 
gram of cotton has a specific volume of approximately 0.66 cc. By deter- 
mining the volume of a number of cotton hairs having a known weight 
a direct measure of the density was computed directly from the formula 


d = m/(n + a) 


in which d is the density, m is the weight of » number of hairs 1 cm. long, 
and a is the average cross-sectional area of the hairs. 

In the determination of these values the sample was divided. From 
one portion a sufficient number of hairs was selected at random to give a 
representative average and, from their central portions, sections 1 cm. 
long were cut and weighed on a micro-balance. From the second portion 
of the sample cross-sections were made at the center of the hairs with a 
microtome. The image of these sections was projected at a known mag- 
nification and drawings made on a sheet of paper, each drawing cut out, 
the same number weighed as from the first portion of the sample, and their 
weight converted into cross-sectional area by means of a standard paper 
of known weight. Making due allowance for errors introduced in cutting 
the sections, they found that in a typical instance the computed volume 
was 0.88 cc. per gram while the specific volume found by the immersion 
method was 0.63 cc. per gram. Thus 0.25 cc. or 30 per cent of the volume 
was “‘pore space.”” Subsequent measurements on different types of cottons 
showed that this porosity varied from 30 per cent to 40 per cent of the 
volume of the hair, being greatest in the coarsest cottons. 

In connection with porosity of the wall Denham (13) further notes the 
existence of abnormally permeable areas in a more or less regular pattern. 
This is seen with a hair which has been soaked in an aqueous dye solution 
and then subjected to a slight pressure under a cover:glass, whereupon 
small bubbles spaced at regular intervals appear upon the cuticle, very 
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suggestive of the position of the spiral lines of weakness. He also noticed a 
similar position of gas bubbles when the fiber was treated with critical 
strength sulfuric acid. 


Cotton Fibers in Polarized Light 


Cotton, together with most vegetable fibers, shows strong double refrac- 
tion in polarized light. As far back as 1891 Chardonnet and Liebschutz 
described the change in polarization colors of nitrated cotton with the 
change in percentage of nitrogen. Later, however, deMosenthal (15) 
found that cottons of the same nitrogen content, but prepared under differ- 
ent conditions, had different colors and concluded that the appearance of 
the fibers in polarized light was a function of the method and not the degree 
of nitration, being a change in the anisotropic condition of the fiber brought 
about by physical influences as well as chemical behavior. 

Phillips (16) has since shown that the colors are dependent upon the 
degree of division of the nitrocellulose which is a function of a variety 
of factors such as the percentage of water in the nitrating bath, the ratio 
of nitric to sulfuric acid, the time and temperature of nitration, and others. 

Harrison (17), in his investigations on the réle of double refraction in 
fibers, concluded that it was entirely due to internal stresses within the 
fiber similar to the double refraction in glass, gelatin, rubber, and other 
colloidal substances when deformed under load. By using a glass slide 
and grooved celluloid film he applied local pressure to the fiber while under 
observation and observed the interference figures in these areas. In 
support of this hypothesis he cites the fact that when treated with am- 
moniacal copper sulfate only those portions which have not swelled, as in 
the constrictions, show double refraction and that a film prepared from a 
cuprammonium solution shows double refraction only when subjected to 
stress. 

In connection with his investigations concerning the spiral structure and 
convolutions of the fiber, Balls (12) put the entire matter of the relation of 
polarized light to the internal structure of the fiber in a new light. He 
showed first that co-existing in the primary wall of young hairs, shown by 
treatment with hot alkali, staining with congo red, and then examining by 
polarized light was a series of fine spirals in both directions. These spirals, 
he postulated, are the determining factors of the spiral formation of the 
cellulose in the secondary wall, the map or mold to which it conforms as 
it is deposited by the protoplasm. The reason why the spiral pattern, 
first in one direction and then in the other, should be dominant is still open 
to conjecture. 

By the use of elliptically polarized light he showed that with a fully 
developed fiber taken from the boll, before the loss of water had formed 
it into a convoluted ribbon, the points of reversal of the spiral could be 
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plotted for the length of the fiber from the areas of extinction in the polar- 
ized light and that, furthermore, if the fiber was now allowed to dry without 
tension the convolutions of the desiccated ribbon would match in detail 
the reversals of the fibril structure. He further showed that anisotropic 
structure of this cylindrical hair was weak in a direction at right angles to 
the fibrils and hence gave an area of extinction when the fibrils were mo- 
mentarily with the axis of the fiber, which was either parallel or at right 
angles to the plane of polarization. These observations of Balls give to the 
arrangement of the molecular components of the fiber some of the orderliness 
of the arrangement of the molecules in a crystal and agree with the more 
recent X-ray conceptions. 


Desiccation of the Cellulose 


This concept of the internal structure of the fiber, made up of fibrils 
in long twists very much as the individual strands in a piece of string, save 
that occasionally the direction of the twist is reversed, agrees rather’ well 
with other characteristics of the fiber. The desiccation and accompany- 
ing twisting into convolutions of the fiber on the breaking of the boll is 
irreversible. By no method yet known can the fiber be brought back to 
its original state after having lost its constructional water. It is suggested 
by Urquhart (18) that since the cellulose is deposited in the cotton fiber 
in the presence of water, the hydroxyl groups will have water molecules 
attached to them and that on the loss of this water there will be a tendency 
for the cellulose particles to rearrange themselves so that the residual 
valences of the hydroxyl groups will be mutually satisfied. He considers it 
probable that, in addition to the rearrangement of the groups in the mi- 
celles, there may be actual deformation of the micelles themselves in order 
to bring the free hydroxyl groups nearer to each other, which may explain 
the convolutions of the dry hairs. 
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New artificial radiation resembles cosmic rays. With production in Germany of 
artificial gamma rays of intensities that approach those of the mysterious cosmic rays, 
and with twenty million volts promised by a Princeton physicist’s new apparatus, Prof. 
Arthur H. Compton, Nobel prizeman, foresees the possibility that man may be able 
eventually to tap the internal energy of matter and put it to work. A new idea of how 
the energy stores of our brilliantly radiating sun are supplied was also advanced by 
the University of Chicago professor, at a conference in New York sponsored by the 
American Institute of Physics.’ 

An experiment by Dr. Walter Bothe, German physicist, was heralded by Prof. 
Compton as ‘‘remarkable”’ and as accomplishing what has long been ‘considered an 
impossibility.’”” On his recent trip to Europe, Prof. Compton learned that Dr. Bothe 
has been able to produce artificial gamma rays by bombarding beryllium metal with 
alpha rays. These artificial gamma rays are an approach to artificial cosmic rays. 
They are the same kind of radiation as light and X-rays, except that they are much more 
penetrating. The beryllium metal from which they were obtained is the lightest metal 
that can be used practically, and the alpha rays that were used by Dr. Bothe in the 
bombardment are speeding hearts of helium atoms given off when radium and other 
elements disintegrate radioactively. 

The amazing result of Dr. Bothe’s experiment, as explained by Dr. Compton, is 
that there is obtained from the bombardment of beryllium, through the giving off of 
the artificial super-gamma ray, much more energy than was supplied by the attacking 
helium atom heart. This is interpreted to mean that what happens is not the disinte- 
gration of the beryllium but an actual process of synthesis in which a heavier element, 
carbon, is formed and energy is liberated in the form of the artificial ‘‘soft’’ cosmic rays. 

If that is so, the hope of obtaining energy from such artificial synthesis is due for a 
revival. There is hope also that one element can be changed into another and that the 
age-long wish for transmutation may be fulfilled. 

The practical application of this possible new energy source is made difficult by the 
fact that only one in fifty thousand of the projectiles hurled at the beryllium hits its 
mark and the process is therefore dreadfully inefficient. Although there may be places 
where the synthesis proceeds at a much faster rate, the physicists are frankly not 
optimistic about making this energy source competitive with coal, oil, and water power. 

But conditions in the sun may be different, and the theory is advanced that solar 
energy that warms and lights our earth may be the result of synthesis in the sun rather 
than the present favorite theory of the conversion of matter into radiant energy. This 
idea carried to its logical conclusions may greatly affect all ideas of how the solar system 
and our earth originated... . 

Prof. Compton, as the result of his survey of present knowledge of the atomic 
nucleus, believes that ‘‘we may have to find some fundamental principles of the physical 
world which are as yet unknown” before the nucleus can be understood. He recalled 
that the Danish physicist, Prof. Neils Bohr, has suggested that perhaps the principle 
of the conservation of energy, long considered the foundation rock of modern science, is 
not obeyed when electrons are ejected from atoms.— Science Service 





A COMPARISON OF EIGHT TYPES OF SMALL FRACTIONATING 
COLUMNS FROM THE VIEWPOINT OF USEFULNESS IN THE 
STUDENT LABORATORY OF ORGANIC CHEMISTRY 


J. K. Simons anp E. C. WAGNER, UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, 
PENNSYLVANIA 


The qualifications of fractionating columns sufficiently small for general use 
by students include, besides satisfactory efficiency, also low hold-up and fairly 
high capacity. In a student column large hold-up may be a greater disad- 
vantage than low efficiency, for some effects of the latter can be overcome by 
repeated fractionation, whereas a large hold-up retards the rate of improvement 
upon refractionation, reduces the amount of the high-boiling component re- 
coverable, and, when the column is used for purification of preparations, de- 
creases the yields. 

Because of the divergence of opinion as to the type of column best adapted to 
student use there was undertaken a comparative experimental study of the 
performance features of eight familiar types of small columns. Those ex- 
amined were a plain tube, the Young pear-column, the simpler Clarke and 
Rahrs column, the Vigreux column, the plain tube packed with pieces of glass 
rod or glass tubing, the Snyder column, and the Wurtz bulbed tube packed 
with rod. Working conditions were by intention approximately those of the 
student laboratory, and the outfits were simple enough for the use of students. 
The columns were compared under two sets of operating conditions: (1) without 
insulation or reflux control, and (2) with insulation and forced reflux. Results 
are discussed from the special viewpoint of the study. They permit ranking of 
the columns in the order (1) Snyder column, (2) packed plain tubes, (3) 
Vigreux column, (4) Clarke and Rahrs and Young columns, and (5) unpacked 
plain tube. 


For most students of chemistry a practical acquaintance with the process 
of fractional distillation is probably made in the organic laboratory. 
Laboratory manuals of organic chemistry usually describe one or more types 
of columns, and illustrate their use by the fractionation of a mixture of two 
liquids not too difficult to separate. Some manuals specifically recommend 
one type of column, but the divergence of such recommendations shows 
that there is no general agreement as to the efficiencies or the suitabilities 
of the different types, a selection often being made on the basis of considera- 
tions apparently other than definite knowledge of superiority. 

The desirability of a more general use of fractionating columns by 
students, not only for the usual experiment on fractional distillation but 
throughout their work in the organic laboratory, is urged in another paper.* 
The qualifications of a column for day by day use by students include, in 
addition to efficiency, certain other features which it may be well to dis- 
cuss briefly. 


* To appear in the February issue, J. CHEM. Epuc. 
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Qualifications of Fractionating Columns for Student Use 


A student column must be small, durable, and not too expensive. Most 
columns obtainable on the market are too large for the volumes to be 
handled in ordinary preparative work, or too fragile to be kept in student 
lockers. Student columns have hitherto been principally local products, 
made by the glassblower of the institution or on special order outside. It is 
to be hoped that scientific supply houses will eventually list a variety of 
useful columns of student size. 

It is an advantage if the column has a fairly high capacity and will 
operate effectively at moderately rapid distillation rates, for students are 
disposed to distil rapidly. In general, the open types of columns (such as 
the Young pear-column, the Vigreux, the simpler of the Clarke and Rahrs 
columns) are weakest in this respect. They have little special provision 
to ensure contact of ascending vapors and condensed liquid, and conse- 
quently effect less satisfactory separations at increased rates. They are 
likely to be unable to accommodate increase in applied heat without rise in 
temperature at the head. They are too penetrable, 7. e., permit higher 
boiling components of a mixture to pass into lower distillates. Finally, 
the effectiveness of open columns depends largely or almost wholly upon 
partial condensation upon the walls, and therefore performance is affected 
by the temperature of the laboratory. 

Packed columns, consisting of straight or bulbed tubes loaded with solid 
bodies which compel intimate contact of vapor and reflux (e. g., beads, 
pieces of glass tubing or rod, Lessing rings, chain, gauze), are recognized as 
highly efficient. When insulated their action depends largely upon rectifi- 
cation. When insulated and operated under forced reflux, partial condensa- 
tion is operative in the upper parts of the column and rectification in the 
body of the packing. Packed columns of student size, operated without 
insulation or reflux control, owe part of their effectiveness to partial con- 
densation due to external cooling. Packed columns can be operated at 
relatively high rates, and under forced reflux perform well up to the flooding 
rate; the tendency to flood depends upon the nature of the packing. The 
packed columns, however, share as a marked disadvantage a relatively 
large hold-up of liquid in the packing. The importance of large hold-up in 
small-scale fractionation experiments and in the recovery or purification of 
student products is due to several of its consequences. The first is the 
inevitable retention of the high-boiling component in the packing at the end 
of the distillation. If two liquids are to be separated, then the use of a 
packed column may lead to an excellent recovery of the low-boiling com- 
ponent, but that of the high-boiling component will be reduced by the 
amount held in the column, including that which drains back into the flask. 
If a student preparation is to be purified by distillation, the use of a packed 
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column accomplishes the purification only at the expense of a considerable 
decrease in yield. 

In a small-scale fractionation, a large hold-up is probably most dis- 
advantageous when the separation requires two or more systematic distilla- 
tions. At the end of the first fractionation the column retains some of the 
higher boiling component (the amount depends upon the volume and nature 
of the packing and also upon the mobility of the liquid) which does not 
drain back into the flask. There is no good way to remove this held-up 
liquid, unless the high-boiling liquid is of no interest, when the column can 
be washed out and dried before starting the second fractionation. When 
both components are to be recovered, however, this is out of the question, 
and it is necessary to put fraction 1 into the flask and begin the second 
fractionation with the held-up liquid still in the column. The results are 
that the lowest boiling fraction of the first distillation is mixed with as 
much of the high-boiling component as remains in the column, and that 
part of the advantage of the previous fractionation is at once lost. This is 
repeated with each refractionation, and it is obvious that the rate of im- 
provement of the separation will be retarded thereby. Experimental 
results presented herewith demonstrate clearly the truth of this conclusion; 
it is shown that better final separations can be accomplished by repeated 
fractionation through a column of lesser efficiency and low hold-up than 
through one of greater efficiency but relatively high hold-up. 

Concerning the interference of large hold-up Peters and Baker (1) say: 
‘“‘No matter how tall a column is, it cannot give sharp cuts if the amount of 
liquid held up in the column itself is too great compared to the size of the 
cuts desired.” This becomes important during redistillation of the inter- 
mediate fractions, which soon become too simall to operate the column 
through the corresponding temperature intervals on redistillation, with the 
results that several small fractions may be present in the column at the 
same time. If the column is provided with a reflux-control device, part of 
the disadvantage of such a condition can be relieved by operating for a 
while at total reflux, to concentrate the lower boiling component in the 
upper parts of the column. As student columns can scarcely be made so 
elaborate as to include a reflux control, however, this interference due to 
large hold-up cannot well be avoided. 

It seems clear that for student laboratories both the open and the packed 
columns leave something to be desired. The results of comparative trials 
which are reported below support the conclusion, previously based upon a 
fairly extended experience with student fractionating columns, that the 
Snyder valved column best combines high efficiency, low hold-up, and 
relatively simple design, and is the most satisfactory for general use by 
students. A description of the 3-ball column as used in this laboratory is 
given later. 
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A Comparative Study of Small Fractionating Columns 


A careful comparative study of the efficiencies of various types of fairly 
long (520-610 mm.) laboratory columns, well insulated and operated under 
accurately controlled reflux ratios (2:1, 5:1, and 9:1), was reported by Hill 
and Ferris in 1927 (2); their paper gives also references to previous com- 
parative work on columns. The determined efficiencies were in the follow- 
ing order: (1) Snyder 15-ball column, the most efficient at all rates short of 
flooding, (2) plain tube packed with iron jack-chain, (3) plain tube packed 
with glass tubing, (4) plain tube packed with glass rod, (5) plain tube packed 
with Lessing rings, (6) Young rod and disk column (20 disks), effective for 
low rates only. These comparisons were supplemented by others of several 
smaller columns, operated both with and without insulation and controlled 
reflux. The unpacked Wurtz tube, the pear, and the Le Bel-Henninger 
columns were found to be not much more efficient than a plain tube of the 
same length, and became less efficient with controlled reflux. The Glinsky 
and especially the Vigreux columns were improved by reflux control, and 
were considerably more efficient than the three just mentioned, but were 
distinctly inferior to a plain tube packed with glass tubing. 

In order to extend the comparison to even shorter columns, suitable in 
size for the use of students, there were carried out the tests described below. 
The columns examined included (1) plain tube, (2) Young pear-column, 
(3) Clarke and Rahrs open column (3), (4) Vigreux column, (5) plain tube 
packed with 5 X 5 mm. pieces of glass tubing, (6) plain tube packed with 
5 X 5 mm. pieces of glass rod, (7) Snyder 3-ball column, and (8) two-bulb 
Wurtz tube packed with glass rod. These columns were practically 
identical in length (230-240 mm.) and diameter (15-16 mm. inside), and 
were so constructed or packed that the special fractionating region of each 
was the same (90-95 mm.). The two-bulb Wurtz tube, however, was in 
essential dimensions considerably larger (bulbs 34 mm. and 44 mm. in 
diameter) than the others. The space occupied by the packing was over 
60 cc.; the volume of the corresponding region of the straight columns was 

about 15 cc. The compactness of the bulbed column is of course an ad- 
vantage of this design, the one used having a working region equivalent in 
volume to that of a straight column about four times as high. The hold-up, 
however, was large. The two-bulb Wurtz tube was included among the 
columns tested in part to bring into prominence the effect of large hold-up. 
The tubes to be loaded with packing were made with glass cross-bars sealed 
in at the junction of the column proper and the narrower (9 mm.) drain 
tube, to keep the mass of packing in place (4). 

Figure 1 gives the appearance of the columns used in this work. 

Columns packed with beads were not included in the comparisons, for 
the reason that they flood too readily to be serviceable to students. Pack- 
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FIGURE 1 


From left to right: plain tube, Young pear-column, Clarke and Rahrs column, 
Vigreux column, packed plain tube (the one shown is packed with glass tubing), 
Snyder column, Wurtz tube packed with glass rod. 


ings of chain, gauze, or Lessing rings were considered to be less generally 
useful because of possible interference by the metal. 


The Snyder 3-Ball Column 


The Snyder fractionating column was designed in 1919 by E. O. Snyder.* 
A brief description is included in the paper by Hill and Ferris, already 
cited (2), but apparently no systematic or theoretical study of the dimen- 
sions important to efficiency and smooth operation has been made. Asa 
consequence the measurements are still partly a matter of opinion, and 
Snyder columns with apparently only trivial structural differences have 
sometimes shown marked differences in effectiveness. Figure 2 represents 
a 3-ball Snyder column which many trials have shown to be highly efficient; 
the indicated measurements were taken directly from the column. 

Perhaps the most important considerations are the relations between the 
sizes of the tube, the constrictions, and the balls which seal them loosely. 
Hill and Ferris specify that the ball should be “‘only slightly larger than the 
constriction,’ and that ‘“‘the diameter of the balls should be about seven- 
tenths that .... of the tube.” Clearly’the constriction must not be too 
small, or vapor velocity will be so increased as to interfere with rectifica- 
tion. Further the space between the ball and the column wall must per- 
mit trapping of enough liquid to seal the valve and to ensure a good scrub- 


* Then with the Barrett Co., Philadelphia. Present address Olney High School, 
Philadelphia. 
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bing of the ascending vapors. The essential dimensions of the column 
sketched here conform to the specifications mentioned, the balls being 
0.63-0.69 the inside diameter of the column, and the constrictions about 
2 mm. smaller than the balls.* 

The column should be made wholly of rather heavy pyrex glass. The 
balls should be round except for the tail which holds them loosely in place; 
they should in all positions seat snugly upon the constrictions. For ordi- 
nary purposes the balls may be of such weight that they will barely float in 
water, and they must be strong enough to withstand the jigging action to 
which they are subjected during distillation. The shoulders in the column, 
below the constrictions, should not slope too steeply, or the tails may ad- 
here to the wall by capillarity when during distillation the motion of the 
former brings the two into contact. As in any small column, the length 
above the outlet tube should not exceed about 3 cm., or this space may not 
completely fill with vapor during distillation, and stem corrections will 
then be more than ordinarily uncertain. The short upward-inclined arm 
of the outlet tube is a simple device which avoids drainage from the cork 
into the distillate. Other distilling columns, and also the usual side-arm 
flasks, would be inexpensively improved by incorporation of this feature. 


Basis of Comparison of Columns 


The present study is limited almost wholly to the separation of ethyl 
alcohol and water. Earlier trials showed that a 1:1 mixture is too readily 
separated to expose clearly the differences in performance between columns 
of about equal abilities, and accordingly there was used in this work a 
mixture of 25.0 grams of U.S. P. alcohol (of determined strength) and 75.0 
grams of water. 

The set-ups used were purposely very simple, to permit inclusion of 
similar comparisons in the laboratory course. In each case the column was 
mounted upon a 200 cc. short-neck flask, adjustment being made so that 
the total height from the bottom of the flask to the center of the outlet tube 
at the high point in the bend, was 290 mm. (+ 5 mm.). The flask was 
seated in a 2-inch hole in an asbestos screen; the advantage in the use of a 
perforated screen has been emphasized by Mulliken (5). The condenser 
was 45 cm. long with a 30-cm. jacket. The side-arm of the flask was thrust 
well into the cooled part of the condenser. The over-all length, from 
column to drop-off, was 48cm. The general appearance of the apparatus 
as used in the trials without insulation or forced reflux is shown in Figure 3. 

The outfit of Figure 3 makes no provision for (1) reflux control or (2) 
insulation of the working region of the column, and it is these factors, 
together with (3) intimacy of contact of vapor and refluxed liquid, and (4) 
column length, which determine the effectiveness of a column (6). The 

* An almost identical column with balls of larger diameter (0.75 that of the 
column) was found by direct comparison to be considerably less efficient than the one 
sketched, the respective ‘‘efficiencies” (calculated as explained later) being 75.5 and 
82.1%. 
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value of insulation was clearly shown (for a 1-meter Hempel tube packed 
with beads and operated under controlled reflux) by Marshall and Suther- 
land (7), the effectiveness being multiplied 2.4 to 41.5 times by lagging. 
The primary importance of reflux control is generally recognized, and was 
recently emphasized by Longinov and Pryanishnikov (8). It need hardly 
be added that all effective laboratory columns of larger sizes, and all 
technical columns are provided with both insulation and some device to 
regulate reflux. 

A reflux device simple enough to be advocated as an addition to student 
columns consists of a small external water-jacket, made to enclose that 
part of the column just below the outlet, and held in place by 
sections of rubber stoppers. This condenser cooled about 25 mm. of 
the column between the 
working section and the 
outlet. The thermome- 
ter bulb was out of the 
cooled zone. The lower 
part of the column was 
insulated by a double 
wrapping of asbestos 
paper wired in place. 
The apparatus used for 
the trials under these 
improved conditions is 
shown in Figure 4. 








Notes on the Procedures 
for the Comparative 
Tests 


Distillations were con- Froure 3 
ducted in rooms free 
from decided drafts, but the apparatus was in no special way protected, 
as it was desired to make the comparisons under ordinary laboratory 
conditions. 

Fractions were collected in weighed dry Erlenmeyer flasks, four of 50 
cc., and one of 100 cc., capacity. All weighings were made on a balance 
sensitive to 0.001 gram and were carried to the nearest 0.01 gram. In the 
tabulations the values have been rounded off to the nearest 0.1 gram or 
0.1%, this being nearer to the accuracy of the experimental results. It is 
to be noted, however, in explanation of any small discrepancies, that all 
totals were obtained, and all calculations made, from the original values, 
and were then rounded off to the first decimal place. 

Fractionations were controlled by Fisher thermometers (No. 1; 10- 
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140°), the 70° mark being just above the cork. The correction for exposed 
stem was negligible for the first two fractions, and unimportant for the 
others, and was ignored. The barometric pressure was noted for each 
experiment, and any required temperature corrections were applied in 
cutting the first two fractions. One of the thermometers had been cali- 
brated. All readings were made to about 0.1° with the aid of a hand lens. 
The room temperature was recorded for each fractionation. As most of the 
trials were made within a small range of external temperatures the compari- 
sons were probably not much affected from this source, though it is certain 
that some and perhaps all the uninsulated columns would function better in 
cooler weather. 

To ensure steady boiling several pieces of hard coal were introduced into 
the distillation flask. In 
all trials an effort was 
made to distil at a rate 
between 20 and 25 drops 
per minute, with a slight 
decrease in rate at the 
first two cuts. The last 
fraction (above 96°), 
however, was distilled as 
rapidly as _ possible. 
Small variations in heat- 
ing were effected by mov- 
ing the micro-burner 
either toward or away 
from the middle (and 
lowest) point on the bot- 
tom of the flask, rather 

FicurE 4 than by changing the size 
of the flame. 

During the second fractionation, successive fractions were introduced 
through the column, to avoid possible leakage at the mouth of the flask due 
to frequent removal of the cork connecting column and flask. New and 
tight-fitting corks were used for each test. 

To provide increased reflux for the second series of trials, water was 
passed through the partial condenser (Figure 4) at a rate such as to estab- 
lish an initial reflux ratio of about 3:1. It was difficult to adjust and hold 
this ratio with accuracy, though it was maintained with moderate success 
through the first fraction of the first distillation. The intermediate fractions 
were too small to give time for more than a rough adjustment, and the 
water fraction was distilled rapidly without operating the partial condenser. 
Upon redistillation, the reflux ratio for fraction 1 (up to 80°) was in all cases 
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higher than before, * and for the different columns varied from about 4:1 to 
§:1. 

Several arbitrary details of procedure were adopted. (1) After the 
thermometer indicated the limiting temperature of a fraction (the mercury 
thread just exceeding this temperature) two drops of distillate were allowed 
to fall before the receiver was changed. (2) After the first fractionation 
was complete and all weighings were made, the residue in the flask (drain- 
age from the column) was added to the water fraction in receiver 5, and 
the apparatus assembled for the second fractionation, the column contain- 
ing the held-up liquid. (3) At the start of the second fractionation the first 
ten drops were collected in receiver 3 (to avoid collecting in the first frac- 
tion the water in the side-arm and condenser tube), and then receiver 1 was 
substituted. (4) In the redistillation of the intermediate fractions, if the 
initial distillation temperature of any newly added fraction was below the 
range of the receiver then in place, the first five drops were collected in the 
receiver just emptied, this was returned to the still, and fractionation 
resumed; this course was followed to avoid mixing of the small inter- 
mediate fractions due to hold-up in the condenser tube. (5) The water 
fraction was not redistilled, but any water (96-100°) from the other 
fractions was collected with it. 

In this work no determination of the ‘‘flask-constant’’ (see Hill and 
Ferris) was made. The results therefore refer to the entire outfits rather 
than to the columns only. The differences in performance, however, may 
be attributed to the columns, as the rest of the apparatus was identical in 
all the trials. 


Calculation of the “Efficiency” of a Column 
The determination of actual efficiencies was not attempted; for a satis- 


factory procedure see Hill and Ferris (2). Numerical results of compara- 
tive value were obtained for the columns by use of the formula 





conc. EtOH in fract. 1 t. EtOH in fract. 1 
“ficiency” ea 100 | ‘0 in Ita Ww in frac | 


95.57 a actual wt. EtOH taken 


As is obvious, this includes (1) a concentration factor which compares the 
concentration of alcohol in the 80° fraction with that of constant-boiling 
alcohol (95.57% by weight), the best obtainable by distillation, and (2) a 
quantity factor which compares the weight of actual alcohol in the 80° 
fraction with the weight taken. 

In earlier trials concentration of alcohol was determined at 20° by use of 
an immersion refractometer, the concentration region being located if 
necessary by readings made upon the distillate diluted with an equal 
weight of water, as recommended by Schoorl (9). In most of the work 


* This increased reflux was due to the low heat of condensation of alcohol. 
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described here the alcohol concentration was found by use of a Becker 
specific gravity balance. The 20°/20° values obtained directly were 
calculated to 20°/4°, and the corresponding percentage of alcohol by 
weight found by reference to a suitable table (10). In the opinion of the 
writers this method was more convenient, certain, and accurate than use of 
the refractometer. 

The ‘‘efficiencies’’ as here determined should actually be a composite of 
the values for the separations of both water and alcohol. It is partly by 
the diminished recovery of the higher boiling component that one dis- 
advantage of the packed columns is brought into prominence, and by the 
amount of the lower boiling component in the highest fraction, and vice 
versa, that the lesser effectiveness of the open columns is in part disclosed. 
The time available, however, did not permit determination of the concentra- 
tion of the water fractions, though it was probably not greater than 99%.* 
The stated ‘“‘efficiencies” therefore refer only to the isolation of the alcohol, 
and the effects of large hold-up, while readily recognizable in the results, 
can be stated only approximately. 


Experimental 


The experimental fractionations reported below were divided about 
equally between the two writers, the averaged values representing in the 
majority of cases distillations made in separate rooms with two outfits, and 
on different days. An effort was made to permit each column to show its 
best performance within the conditions imposed, and when it was believed 
that this was not the case, trials were repeated. There was finally ob- 
tained a series of results whose maximum variations among duplicates were 
generally less than 2%. 

Results of comparative trials of eight types of small columns, operated 
without reflux control and without insulation, are presented in Table 1. 


Comments on Results Recorded in Table I 


For the first fractionation the highest “efficiency,” calculated upon 
alcohol, was shown by the packed Wurtz tube, as is to be expected because 
of its greater working volume. On the basis of water recovered, however, 
this column ranks with the open columns, which permitted both alcohol and 
water to pass in considerable amount into intermediate fractions; the low 
water recovery of the Wurtz tube was of course due to its high hold-up. 
With respect to alcohol recovery the Snyder column was second to the 
Wurtz tube, and far ahead of the others. In the separation of water the 
Snyder column ranks first, with however only a slight advantage over the 
two packed straight columns. 


* See Table III, footnote g. This result (1% alcohol in the water fraction) was 
obtained at the end of the most complete separation effected in these trials. 
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Vor. 9, No. 1 SMALL FRACTIONATING COLUMNS 
TABLE I 
Comparison of Small Fractionating Columns Operated without Reflux Control or 
Insulation 
(Apparatus shown in Figure 3, p. 129) 
Plain Plain 
Tube, Tube, 
Plain Clarke Packed Packed 
Tube; Young and with with 
25.0 g. U. S. P. Alcohol No 5-Pear Rahrs Vigreux Tubing Rod 
75.0 g. Water Packing Column Column Column 5X5 mm. 5X5 mm. 
First FRACTIONATION 
Number of trials...... 2 2 2 2 
Room temperature.... 29-31° 26-29° 29-30° 25-30° 28-31° 28-31° 
Dist. rate: reflux, drops 
MOM... as cs ss MOTEL Sie DRG 710 21:9 21:14 
Distillate to 80°, grams. 7.4 4.7 7.4 t+ > 0 -: 18:9 
Distillate 80-83°...... 9.9 12.6 12.0 6 4.8 1.9 
Distillate 83-89°...... 5.9 6.1 3.4 3 1.4 beh 
Distillate 89-96°...... 5.6 6.3 4.8 8 4.9 4.0 
Distillate 96-100°..... 69.4 68.4 70.2 oo. 0. wae 
Residue in flask....... 0.8 0.9 5 AR 8 0.8 1.2 
0 OR ERS EA oe 98.9 98.9 99.0 1 98.3 98.3 
Approximate hold-up’. 1.1 ee 1.0 qi eMaes 2 aaeras 
Conc. EtOH in 80° Not Not Not 
fract., % by wt..... dt. dt... -dtr 87:0 Ga Oe 
PRICICNOY. 5 oes oe s.0.s a 50.2 54.8 55.3 
SECOND FRACTIONATION 
Room temperature.... 29-31° 26-30° 30° 25-30° 29-30° 29-31° 
Dist. rate: reflux, drops 
OOM 0. gs -0ci vies 21:21 :12 23:18 :— 25:23 20:33 
Distillate to 80°, grams. 21.0 C. @ae 5 22.8 -22:2 
Distillate 80-83°...... 2.0 oe 1.0 By i 0.6 0.7 
Distillate 83-89°...... 0.7 6 0.3 4 0.1 0.3 
Distillate 89-96°...... 0.3 3 0.2 0.3 0.1 0.1 
Distillate 96-100... . 73.5 Oo Vac? 746 . Hid TRO 
Residue in flask....... 0.8 8 Lek 0.7 0.9 a8 | 
OO Ee eee 98.3 -6. 98.5. 98:7 97.90% 08:5 
Cone. EtOH in 80° 
fract., % by wt..... 87.0 86.1 87.5 87.3 88.5 88.8 
60.2. 77.3 77.7 980.0 7.8 


Efficiency” .......... 71.9 


* Average of two counts, but at best approximate. 
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Wurtz 

Tube, 

2-Bulb, 
Snyder _Rod- 
3-Ball Packed 
Column 5X5 mm. 


3 1 


26-31° 23° 


21:13 23:20 
17.5 22.9 
2.3 0.6 
2.2 0.3 
5.4 1.6 
70.8 68.5 
0.6 2.5 
98.7 96.4 
1.3 3.6 
88.6° 87.6 
67.8 79.7 
27-31° 23° 
22:24 20:— 
22.7 23.5 
0.2 ese 
0.1 Ps 
0.2 Liane 
CAA TOE 
0.9 2.3 
98.1 96.5 
89.5 87.8 
82.1 82.0 


> Includes hold-up in side-arm and condenser, and loss due to absorption by corks, 


etc. 


° The 96-100° fraction from the first distillation was not redistilled; see ‘Notes on 
the Procedures” (5). 

¢ Determined in one trial only. 

* Determined in two trials only. 

f Including a third trial, excluded because results were lower, this “efficiency” 
becomes 78.8. 

"No distillate collected between 80° and 96°. 
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The second fractionation tended to equalize the columns. On the basis 
of both alcohol and water recovered the Snyder column now ranks first, 
Its alcohol “‘efficiency”’ is numerically the same as that of the packed 
Wurtz tube, but the concentration of the alcohol delivered by the Snyder 
column was almost 2% higher (the Wurtz tube improving the alcohol 
concentration only 0.2% upon redistillation), and it is accordingly to be 
considered the better column under the conditions of these trials. In this 
connection it is to be noted that for both fractionations the Snyder column 
separated alcohol of higher concentration than any of the other columns. 

The poor showing of the pear column appears to constitute a discrepancy, 
as this column is certainly more effective than a plain tube. The pear 
columns used in the trials (see Figure 1) were in outside diameter equal to 
the straight columns, but the constrictions were perhaps somewhat too 
narrow, thus unduly increasing vapor velocity at these points. Previous 
comparisons have shown the pear column to be distinctly less effective than 
the Snyder, but not by the margin shown in Table I. In order more fairly 
to rank the pear column the results of some earlier trials, with larger 
columns, are given in Table IT. 


TABLE II 
Comparison of Snyder and Pear Columns of Larger Sizes* 
Young Snyder 
25.0 cc, U.S.P. Alcohol 6-Pear 5-Ball 
25.0 cc. Water Column Column 
DIMA GNM o's 6 x55 ook 9.6 oles Lins Viniots 2 2 
Distillation rate: drops per min.............. 25 25 
NT I Conic oa ces bes oe len 25.0 24.3 
Pe sks See face Sees ie 0.4 2% 
pp | ee a Ae 0.3 0.1 
MIMO Fk imieee Pee cena 0.1 Ot 
SPUR IN 8 ibis seas Gk aaec, vale ace es NO 23.5 
TEMA NR IIINE 350i og 28 vcd Sitoe's vv See diate 1.0 eh, 
RES Ress VG Ae Olea PEN Oise oa sea 48.7 48.0 
Conc. EtOH in 80° fraction: % by wt.’....... 87.0 90.2 
si, aN TUR CB op ar a 70.7 73.1 
* Dimensions: 
Bottom of flask to side-arm.................. 432 mm. 406 mm. 
Length of special working region.............. 229 mm. 178 mm. 
Diameters: 
RI ooo Sats Ga edn Wie eck pel toes toes Sreis » 11 mm 20 mm 
IN colo 8. 51.0, ot peat eather ante rie tl bic hice 33 mm 


> Determined by immersion refractometer. 
° Included in 96—100° fraction. 


The noteworthy features of these results are, for the pear column, the 
larger size of the alcohol fraction and its lower concentration, as compared 
with corresponding values for the Snyder column. As the former was 
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TABLE III 


Comparison of Small Fractionating Columns Operated under Forced Reflux and with 
Insulation 


(Apparatus shown in Figure 4, p. 130) 
Plain Clarke Tube, Tube, 


Tube; Young and Packed Packed Snyder 
25.0 g. U.S.P. Alcohol No 5-Pear Rahrs Vigreux with with 3-Ball 
75.0 g. Water Packing Column Column Column Tubing Rod Column 
First FRACTIONATION 
Number of trials........... x 1 2 2 2 3 3 
Dist. rate: reflux, drops per 
ea aah COA heltba wk 21:70 20:62 20:70 23:70 23:71: 22:72 22:65 
Distillate to 80°, grams..... 0.4. Ab: TO S28 240 See. ae 
Distillate 80-83°........... 7. 2452 6.5 1.9 0.8 0.7 EJ 
Distillate 88-89°........... 2.0 1.6 0.7 0.5 0.4 0.4 0.4 
Distillate 89-96°........... 3.2 1.5 0.9 jy 0.8 0.6 0.5 
Distillate 96-100°.......... 70.2: 6008. SFIS IER RS TE a Tae 
Residue in flask............ 0.8 1A 0.8 0.8 0.9 0.9 0.7 
a Re ae er aac nage 99.2 99.1 98.9 99.2 98.1 98.1 98.9 
Approximate hold-up’....... G8 OO. Ss ee eee ee 
Conc. EtOH in 80° fract., 
_ SS Sere ry em Not det. 84.4 86.5% 87.1% 88.6% 89.1% 88.9% 
on Ta a ose 80.0. GO. 76.4 S49 -8h.0 8h. 
SECOND FRACTIONATION 
Dist. rate: reflux, drops per 
RUNEPE LS. crtaiovtin ve aitatt aes 23:95 22:80 23:115 23:110 21:95 25:110 22:100 
Distillate to 80°, grams..... 21.6 23. 1 22.6 23.0 28.2 22.9 23.4 
Distillate 80-83°........... 2.1 1.9 0.9 O.¢ 6.7 0.6 0.5 
Distillate 83-89°........... 0.7 0.5 0.5 0.4 0.5 0.4 0.2 
Distillate 89-96°........... 0.2 0.2 0.3 0.2 0.3 0.3 0.2 
Distiate 96-100 >". oes FBO TICE FSS TSG 7A 2 ae 
Residue in flask............ 0.9 a 0.8 0.9 kak 1.0 1.0 
SEMIN as Boe ce OR Wald s watk oe 98.5 98.5 98.4 98.8 97.7 97.6 98.4 
Cone. EtOH in 80° fract 
I Wai cs scx cas care 87.7 87.5 88.7 89.8 90.0 90.5 91.1 
aMidonng” os. css cases 75.1 79.9 80.4 84.0 84.8 84.7 87.7 


° Average of two counts, but at best approximate. 

» Includes hold-up in side-arm and condenser, and loss due to absorption by corks, 
etc. 

° The 96-100° fraction from the first distillation was not redistilled; see ‘Notes 
on the Procedures’”’ (5). 

“ Determined in one trial only. 

* Including another trial in which 80° fraction was only 23.2 grams, the ‘‘efficiency’”’ 
is 84.5. 

/ Omitting one trial in which 80° fraction was only 22.1 grams, the “efficiency” 
becomes 86.2. 

’ This fraction was found in one trial to contain 1% of alcohol. 


distinctly the larger column, it must be considered more markedly inferior 
to the Snyder than is indicated by the ‘“‘efficiency”’ results. In the opinion 
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of the writers the pear column may be ranked about on a par with the 
Clarke and Rahrs column. 

Results of comparative trials of seven types of small columns, operated 
under increased reflux and with insulation, are given in Table ITI. 


Comments on Results Recorded in Table III 


The trials under these more favorable conditions yielded for all the 
columns better results than were obtained without increased reflux and 
insulation. In the light of Hill and Ferris’ results, the marked improve- 
ment in the performance of the open columns, and especially of the Vigreux, 
was somewhat unexpected. This effect was probably due to the sharp 
cooling of the upper part of the column by the external condenser which, 
placed below the outlet, functioned not only to provide reflux but also to 
intensify the fractionating effect of that part of the column due to partial 
condensation. Further it would seem that the Vigreux column operates 
not only by virtue of partial condensation, but to some extent also by 
rectification resulting from the centrally directed drainage points which 
may serve as baffles. 

The trials of Table III, however, did not change the ranking of the 
columns as determined by the fractionations without forced reflux and 
insulation. The Snyder column yielded the highest ‘efficiency’ with 
respect to alcohol recovery, and on all points of behavior deserves first 
place. Like the two packed columns it delivered alcohol of higher con- 
centration than was obtained from the open columns; the Vigreux, how- 
ever, in the second fractionation performed excellently in this respect. In 
the recovery of water the two packed columns, because of their larger hold- 
up, rank below the others. 


General Discussion of Results of Alcohol-Water Separations 


To facilitate discussion, the essential results of Table I and III, freed 
from detail not essential to their interpretation, are collected in Table IV. 

(1) Alcohol ‘‘Efficiencies.”” The “efficiencies” in the separation of 
alcohol in the 80° fraction have already been discussed. In actual fraction- 
ating efficiency (shown by the first fractionation) the packed Wurtz tube 
ranks highest, with the Snyder column second. When operated under 
increased reflux and with insulation the two packed straight tubes were 
only slightly inferior to the Snyder for the first fractionation, but the gap 
was considerably widened in the second fractionation. The smaller 
improvement for the packed tubes was due probably in large part to the 
water present in the column when the second fractionation was begun. 
The Vigreux column must in every case be ranked below the packed straight 
tubes. 
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TABLE IV 
Comparison of Small Fractionating Columns 


(Condensed Tabulation of Essential Data from Tables I and III) 


First FRACTIONATION SECOND FRACTIONATION 
Water@ Conc. “Rf.” |Water® Cone... “EG.” 
Hold- Not Alcohol EtOH Based Not Alcohol EtOH Based 
25.0 g. U.S.P. up  Distil- to in 80° on Distil- to in 80° on 
Alcohol Approx., lable, 80°, Fract., Alcohol,| lable, 80°, Fract., Alcohol, 
75.0 g. Water g. g. g. % Wt. % g. g. % Wt. % 


COLUMNS OPERATED WITHOUT REFLUX CONTROL AND INSULATION 


Plain tube, without 

OT ae ea V.0:,6.6 7.4) Not 3 1.6. 25:0! $7.05, 2ee 
det. 

Young 5-pear column.... 1.0 6.6 4.7 Not ne 1.5 20.7 86.1 69.2 
det. 

Clarke and Rahrscolumn. 1.1 4.8 7.4 Not ie 1.3 23:3 87.5 77.3 
det. 


Vigreux column......... G.9:-5.6) 18.1 “87.1° 502 1.0. 22-8. StS 787 


Plain tube, packed with 


gies tUDING <5... eos 1.8 4.4 15.9 874 54.8 1.7 22.8 88.5 80.6 
Plain tube, packed with 
BN Ness ke es 1.8 4.4 18.9 87.4% 55.3 | 2.0 22.2 88.8 79.3 
Snyder 3-ball column.... 1.2 4.2 17.5 88.6° 67.8 1.0. 22.7 89:5 82.1 
Wurtz 2-bulb tube, 
packed with rod....... 36.6.5 22:9 Sh6 78.7 4.3 23.5 87.8 82.0 


CoLUMNS OPERATED WITH FORCED REFLUX AND WITH INSULATION 


Plain tube, without pack- 





BA an eralatas cariintave se. ores ac, ee a Net 2:0 .21:6:. 82.7: (76.1 
det. 

Young 5-pear column.... ... 5.38 11.0 84.4 35.5 ao 23.1 St 7:9 
Clarkeand Rahrscolumn. ... 3.3 18.3 86.5° 50.9 1:7: 22.6 88.7 $0.4 
Vigreux column......... ca, 820 20 ASI: 76:7 1.5 23.0 89.8 84.0 
Plain tube, packed with 

glass tubing.......... woe 828 24.07 88.6". 84.9 | 3:0) 23.2 90:0 $4.8 
Plain tube, packed with | 

ee Se eee ee .o.. Ol 23.7. 80.1" 85.0 | 2:4 22.9 90.5 84.7 
Snyder 3-ball column.... ... 2.6 23.8 88.9° 85.9 1:0 - 23.4-9h. 1 S77 


* Includes drainage, permanent hold-up, and loss mechanically or in earlier frac- 


tions. 
> Determined in one trial only (of two). 
° Determined in two trials (of three). 


(2) Sharpness of Separation. The sharpness of the separation can best 
be inferred from the purity of the end fractions. The sizes of these 
fractions are less significant here. The pear column of Table IJ, it will be 
noted, delivered in the first fraction the same volume of alcohol as was 
initially taken, but this cannot be regarded as a point of excellence, for the 
alcohol had gained 5.5% of water in the distillation. Conversely the size of 
the last fraction has little meaning as far as sharpness of separation is 
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concerned, because it may be mainly a measure of the hold-up of 
the column. 

With the data obtained, the sharpness of separation can be discussed only 
in terms of the concentration of the alcohol fraction. In this respect the 
performance of the Snyder column was equaled in only two cases by any 
other column. The rod-packed and the tube-packed straight tubes, when 
operated with insulation and forced reflux, yielded in the first distillation 
alcohol fractions which were respectively 0.2% stronger and 0.3% weaker 
than the Snyder. The second fractionation, however, restored the Snyder 
column to first position by a definite margin. Even the packed Wurtz tube, 
whose calculated “‘efficiency’’ equaled or exceeded that of the Snyder, 
delivered alcohol from 1 to 1.7% lower in concentration. 

(3) Recovery of Higher Boiling Component. In Table IV the column 
headed Water Not Distillable gives values representing a function of the 
columns which is a composite of (a) sharpness in separation, 7. e., ability to 
keep water out of the lower fractions, (b) the hold-up of the column, com- 
prising the liquid permanently retained and that which drains back into 
the flask, and (c) mechanical loss during distillation. The last may be 
ignored in this comparison, as it was presumably the same for all trials. 

With the less efficient columns the water loss was high, principally 
because water passed into the lower fractions; the hold-up loss with these 
columns was relatively small (about 1 gram). With the more efficient 
packed columns the water loss was high because of larger hold-up, this 
being especially noticeable for the packed Wurtz tube. The Snyder col- 
umn showed, on the whole, the best performance with respect to recovery of 
water. The excellent showing of the Vigreux column in the second frac- 
tionations should not be overlooked, its recovery of water being equal to, or 
better than, that of the Snyder. 


Comparison of the Packed Wurtz Tube and the 3-Ball Snyder Column 
in the Separation of Benzene and Toluene 


These tests are included here only because the results emphasize the effect 
of large hold-up in retarding the rate of improvement in the separation 
upon redistillation, and in decreasing the recovery of the higher boiling 
component. The fractionations were made without insulation or forced 
reflux. Results are given in Table V. 

As in the trials with alcohol and water, the packed Wurtz column was 
actually the more efficient, as shown by the better segregation of benzene 
in the first distillate.* The separation of toluene in the first fractionation 
through this column was probably better also, but the 105-111° fraction 

* In. discussing the benzene-toluene separations the necessary but incorrect as- 
sumption is made that the 80-85° fractions were benzene and the 105-111° fractions 
toluene. 
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TABLE V 
Comparison of Packed Wurtz Tube and Snyder Column in the Separation of Benzene 
and Toluene 


Wurtz 2-Bulb Tube 
Packed with Glass 
Tubing, 5 X 6 Mm. 

FRACTIONATION 


25 cc. Benzene 
25 cc. Toluene 
Raie about 25 


Snyder 3-Ball Column 
FRACTIONATION 


Drops per Min. 1 2 3 1 t 
Distillate, 80-85°, cc....... 14.2 19.1 19.5 9.1. 18.2. 2hS: 26 
Distillate, 85-91°.......... 8.8 4.0 2.2 10.5 4.2 1.4 0.3 
Distillate, 91-99°.......... 5.2 2.2 1.6 10.0 3.2 1.2 0.2 
Distillate, 99-105°......... 2.9 2.8 3.4 4.8 1.8 0.8 3.3 
Distillate, 105-111°........ 12:8. Jack. - FRG 14.0 19.2 20.4 21.0 
es ar si5 el teks, win avefs At 4.0 3.9 4.5 1.8 1.9 1.5 1.6 
RES okt) ore Sanco ids ithe 47.9 45.0 42.7 50.2 48.5 7.1 46.9 


obtained was diminished by the volume held up in the packing (about 4 cc.). 
In the second fractionation the packed column maintained a reduced 
superiority in the separation of benzene but fell farther behind in the re- 
covery of toluene. By a third fractionation through the packed column 
there was only a slight further improvement in the separation of benzene, 
and another loss of toluene. Clearly the third fractionation was of doubt- 
ful value, and a fourth was therefore omitted. The third fractionation 
with the Snyder column, however, produced a marked further improve- 
ment for both benzene and toluene, and the intermediate fractions were 
large enough to permit a fourth fractionation, with a fourth definite im- 
provement in the separation. 

The comparison is perhaps more strikingly shown by the following values, 
representing the volume percentage of the benzene recovered in the 80- 
85° fraction, and of the toluene recovered in the 105-111° fraction, for 
successive fractionations (Table VI). 


TABLE VI 
Percentages of Total Benzene and Toluene Concentrated in End Fractions 
% of Benzene % of Toluene 
(80-85° Fraction) (105-111° Fraction) 
FRACTIONATION 


FRACTIONATION 
1 2 3 4 1 2 3 4 


Wurtz 2-bulb tube 
packed with glass 


It is obvious that both the rate of improvement in the separation and the 
limit of separation are higher for the Snyder column. For the packed 
column, the low recovery of the higher boiling component and the rela- 
tively slow improvement in separation effected by refractionation are dis- 
advantages to be ascribed largely to the high hold-up and imperfect drain- 
age on cooling which are characteristics of this type of column. 
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Conclusion 


The trials of small fractionating columns reported and discussed above were 
undertaken to learn the relative practical efficiencies of the different types, 
and their suitabilities for student use, z. e., for small-scale distillations. The 
results show in general that there is a fairly definite division of the columns, 
on the basis of important features of behavior, into (1) the open columns 
and (2) the packed or valved columns, the last types being the more efficient. 

While in large-scale distillations the hold-up of a column is not, within 
reasonable limits, a factor of first importance, it is of much greater concern 
in distillations on the small scale required in student laboratories. There- 
fore, a student column with a relatively large hold-up, however high its 
efficiency, will have decreased usefulness for (a) purification of preparations, 
the yields of which will be decreased in general by the amount of liquid 
retained in the column, (>) separation of mixtures of which the recovery 
of the high-boiling component is important, and (c) separations in which 
the fractions must be redistilled. A large hold-up retards the rate of im- 
provement in the separation upon refractionation, due to presence of the 
high-boiling component in the column when the next fractionation is begun. 
A column of larger hold-up reaches the limit of the separation more quickly, 
for as the intermediate fractions become small they do not serve to operate 
the column through corresponding temperature intervals, several small 
fractions become mixed in the column, and further distillation is of small 
advantage. It follows that the final limit of separation may be higher for a 
column of small hold-up than for one of larger hold-up even when the latter 
is actually the more efficient. 

The open columns have the advantage of small hold-up, but this is 
counterbalanced by lower efficiency. Further, in comparison with valved 
or packed columns, they are lower in capacity, are more responsive at the 
head to increase in applied heat, and effect less sharp separations. The 
Vigreux column, however, is less accurately classified in this way than are 
the other open-type columns examined. 

It is concluded that the most useful column for students is one which 
combines good efficiency with small hold-up. On this basis the Snyder 
column must be ranked first. The more efficient, and actually larger, 
packed Wurtz tube is considered unsuited to the student laboratory be- 
cause of its high hold-up, which interferes both in fractionations and in 
isolation or purification of preparations. The packed straight tubes are 
ranked next, and then the Vigreux column. The Clarke and Rahrs and the 
pear-column, followed by the plain tube, complete the ordered list. 
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Sees beginning of new epoch in conquest of disease. A new epoch, that of the 
invisible viruses, is opening in the fight against diseases, Dr. H. H. Dale told members 
of the British Association for the Advancement of Science at their recent centenary 
meeting in London. 

“For the study of infection, the past century, and the latter half of it especially, has 
been the epoch of the visible bacteria,” he said. ‘The new century seems likely to give 
us an epoch of not less important discovery concerning the viruses,’’ he predicted. 

Dr. Dale opened a special discussion of these ultramicroscopic organisms which 
cause many serious diseases of plants, animals, and man, among them rabies, infantile 
paralysis, and foot and mouth disease. He pointed out how little is known about them. 
The very definition of a virus, which depends in part on measurement of size and in part 
on method of reproduction, is unsettled among scientists themselves. Dr. Dale ex- 
pressed confidence that advance will be made in our knowledge of these viruses and that 
what now seem to be immovable difficulties will yield to patience and ingenuity.— Science 
Service 








ELECTRICITY IN THE LABORATORY 


ELBERT C. WEAVER, BULKELEY HIGH SCHOOL, HARTFORD, CONNECTICUT 


An electrical transfer board is described. Advantages claimed include low 
cost, small wall space for installation, flexibility, and adaptability. 


The problem of adequate electrical service equipment in the laboratory 
consists of finding a means of furnishing each work-table, whether used 
for pupil experimentation or for demonstration, with outlets which make 
available to the worker all types of electrical energy needed. Student 
desks often have one outlet each all connected to the same source of current. 
Several outlets are customarily provided on the instructor’s desk in order 
that several voltages and types of currents may be available there at the 
same time. In order to 
provide different voltages 
and types of current at 
the different times when 
they are to be used a 
transfer board is some- 
times used. To this 
board come wires from 
the various sources of 
electric power, and from 
it go wires leading to the 
working stations in the 
laboratory. 

The sources of direct 

FicurE 1.—TRANSFER BOARD current used are batteries, 
rectifiers of various types, 
and D. c. generators. For purposes of instruction in elementary chemistry 
the type of equipment which requires the least attention, will not deterio- 
rate over long periods of infrequent use, and which requires no elaborate 
auxiliary equipment is most convenient to the instructor. Some types of 
rectified A. c. serve satisfactorily for all practical purposes for experiments 
in electrolysis and plating. The “ripple’’ of current variations is not 
troublesome in metering the current with the ordinary type of student 
voltmeter or ammeter. The rectifying unit from an A. c. radio is a feasible 
source of D. C. 

The capacity of the equipment needed ‘depends on the size of the labo- 
ratory divisions. A rectifier furnishing 2 amperes at 6 volts D. c. from a 
110-115-volt A. c. line has been sufficient for ten students to perform plating 
experiments (Cu on C). 

Much laboratory equipment is designed to operate from 110-115-volt 
A. c. lines. This voltage may be used to operate a D. c. motor-generator 
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from which both high- and low-voltage p. c. may be obtained from two 
separate windings on the armature. 

A transfer board can be constructed at home with the aid of the local 
electrician, often at a considerable saving. Such a board is shown in 
Figure 1 and the wiring diagram in Figure 2. A laboratory equipped for ex- 
perimenting and demonstrating in both elementary physics and chemistry 
was supplied with 110-volt and 220-volt a. c. and also 7.5-volt and 110- 
volt p.c. The D. c. was obtained froma generator. Variations of the field 
resistance would alter these voltages by plus or minus 30%. On the out- 
put side of the board two outlets were provided for the lecture table (A) 
and four for groups of student desks (B, C, D, E). Meters were omitted 
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FIGURE 2.—V/IRING DIAGRAM OF TRANSFER BOARD 


from this board in favor of portable instruments. Contact between the 
supply wires and the wires to the tables is effected by flexible cords pro- 
vided with a parallel prong plug at one end and a polarity socket at the 
other. With this type of connector, short circuiting the board is im- 
possible. 

The board is constructed from a bakelite panel. The receptacles are 
mounted flush with the panel on bars of strap iron rigidly attached to the 
back of the board. Switches are provided in the lines to the desks. These 
are mounted so that the switch levers project through the board. The 
whole transfer board is enclosed in an iron box provided with doors and a 
lock, and painted to match the laboratory trim. 





QUANTITATIVE EXPERIMENTS IN ELEMENTARY CHEMISTRY 
Il. A MEASURE OF CATALYSIS* 


R. D. BILLIncer, LEHIGH UNIVERSITY, BETHLEHEM, PENNSYLVANIA 


The subject of catalysis ts given little attention 1n most elementary laboratory 
courses of general chemistry. A method of measuring the catalytic effect of 
several substances in the decomposition of hydrogen peroxide 1s here proposed. 
Attention is also given to negative catalysis, when a reaction may be affected by 
the presence of both a promoter and a retarder. 


The subject of catalysis in an elementary laboratory course of general 
chemistry is usually confined to very small proportions. In reviewing a 
number of laboratory manuals it was found that in all except one, catalysis 

was mentioned only in connec- 
oe tion with the effect of manga- 

nese dioxide on the decomposi- 
tion of potassium chlorate. 
The one exception was the 
H excellent experiment on cataly- 
/ sis in the laboratory manual 
of Deming and Arenson (1). 
Ss This is a qualitative experiment 
| ee or || es designed to illustrate six dif- 
4 ferent types of catalytic action. 

The present article is the 
result of an attempt to prepare 
a simple quantitative experi- 
| ii— ment which will enable a stu- 
dent to measure catalysis. 
ide, — Perhaps the first experiment 
os which suggests itself in this 
U connection is the decomposi- 

tion of hydrogen peroxide, on 
which many classic researches have been made. The action of both posi- 
tive and negative catalysts can be demonstrated very clearly in this study. 
The method consists in allowing a definite volume of hydrogen peroxide 
solution to come in contact with various catalysts and then measuring the 
volume of oxygen evolved in a fixed time interval. 

Details of the experiment are as follows. Assemble a simple apparatus 
as shown in the diagram. The required parts include one seven-inch test 
tube, one 5-ce. pipet, one 500-cc. flask, one graduate (100-cc.), two pinch- 
clamps, one foot of rubber tubing, and about two feet of glass tubing. 
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* Presented before the Division of Chemical Education of the A. C. S. at the 
Buffalo meeting, August 31-September 4, 1931. 
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Place the catalyst in the seven-inch test tube. Fill the pipet with 5 cc. 
of 3% hydrogen peroxide. (The student should be told that commercial 
solutions of hydrogen peroxide already contain a negative catalyst such as 
acetanilide and sometimes sulfuric or phosphoric acids. A brown bottle is 
also employed to keep the solution from decomposing.) 

Fill the flask to the neck with distilled water and also put about 10 cc. 
of water in the graduate. The connecting tube between the flask and 
graduate is filled with water. Before starting the experiment adjust the 
levels of the water in the flask and graduate so that the pressure in the flask 
is the same as the barometric pressure. Then tighten the pinchclamp and 
prepare to start. 

Observe and record the level of the water in the graduate. Open pinch- 
clamp A. Record time of starting, then open pinchclamp B, and quickly 
allow 5 cc. of hydrogen peroxide to drop from the pipet on the catalyst in 
the test tube. The pipet shouid be of the type which does not deliver its 
entire volume, but only between graduations. This prevents oxygen from 
escaping via the pipet. The oxygen which is evolved expands into the 
flask, thus forcing water into the graduated cylinder. The volume of 
oxygen delivered should be read at the end of each half minute for a 
period of five minutes. Before each reading the levels must be adjusted by 
raising or lowering the graduates. Allowance must be made for the volume 
of H,O; (5 cc.) dropped into the test tube. 

The following catalysts are suggested: solids—(a) manganese dioxide, 
(b) lead dioxide, (c) wood charcoal. Use separately about 0.2 g. of each of 
these materials. In the case of manganese dioxide and charcoal the action 
is perhaps purely catalytic, although in the case of lead dioxide oxygen is 
liberated by both compounds. 

Solutions (10% concentration) suggested are: (d) 2 cc. of potassium 
iodide solution, (e) 2 cc. of ferric chloride solution, (f) 2 cc. of ferric chlo- 
ride mixed with 2 cc. of copper sulfate [compare the action with that in (e) ], 
(g) 2 cc. of silver nitrate solution, (h) add a small piece of zinc to the silver 
nitrate solution in (g) and note the enhanced reaction. 

To demonstrate negative catalysis, place in the test tube 0.2 g. of man- 
ganese dioxide and also 0.2 g. of sodium nitrate. Now drop 5 cc. of hydro- 
gen peroxide and compare the volume of oxygen evolved with that obtained 
in (a) the case of manganese dioxide alone. While it is impossible to retard 
the positive effect of manganese dioxide entirely, the sodium nitrate will 
decrease the amount of oxygen by about one-third. 

A similar effect can be obtained by using wood charcoal and zinc chloride 
together. In this case the negative effect of zinc chloride is more marked 
than in the preceding case. 

Of course the actual study of the rates of reaction in these decompositions 
would be a subject for advanced workers, but a simple experiment of this 
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type can be followed readily by beginners. The little-understood topic of 
catalysis can be thus shown capable of measurement, although its explana- 
tion may still be in dispute. 


Literature Cited 


(1) DEMING AND ARENSON, “Exercises in General Chemistry and Qualitative Analysis,” 
2nd edition, revised, John Wiley & Sons, Inc., New York City, 1926, Exercise 


73, p. 194. 
THE CHEMIST TO HIS LOVE 

I love thee, Mary, and thou lovest me. We should be Glauber’s salt. Wert thou 
Our mutual flame is like the affinity Magnesia 
That doth exist between two simple bodies. Instead, we’d form the salt that’s named 
I am Potassium to thine Oxygen. from Epsom. 
’Tis little that the holy marriage vow Could’st thou Potassa be, I Aqua-fortis, 
Shall shortly make us one. That unity Our happy union should that compound 
Is, after all, but metaphysical. form 
O, would that I, my Mary, were an acid, Nitrate of Potash—otherwise Saltpetre. 
A living acid; thou an alkali And thus, our several natures sweetly 
Endow’d with human sense, that, brought blent, 

together, We'd live and love together, until death 
We both might coalesce into one salt, Should decompose the fleshly ‘‘Tertium 
One homogeneous crystal. Oh! that thou quid,”’ 
Wert Carbon, and myself were Hydrogen; Leaving our souls to all eternity 
We would unite to form olefiant gas Amalgamated. Sweet, thy name is Briggs 
Or common coal, or naphtha—Would to And mine is Johnson. Wherefore should 

Heaven not we 
te I wr Phosphorus and thou were Agree to form a Johnsonate of Briggs? 

ime! 3 <. e 

And we of Lime composed a Phosphuret. WEE. TRC ANY: the ORES OE. nigh, 
I'd be content'to be Selfurle Acid, When Johnson shall with beauteous Briggs 
So that thou mightst be Soda. In that combine. 

case London Punch, 5, 236 (1893). 


Precious alloys should find wider applications. Alloys of precious metals should 
prove useful in other fields than dentistry, the American Society for Steel Treating 
Meeting recently in Boston was told by Prof. R. C. Brumfield, of Cooper Union, New 
York City. 

Gold, silver, platinum, palladium, and other rare elements, when alloyed with the 
baser metals have service qualities that can be known only by actual experimentation, 
according to Prof. Brumfield. It is estimated that eight million combinations are pos- 
sible, each with its unique characteristics. Only a few of them have ever been developed, 
and these have been used in dentistry. The resistance of these alloys to discoloration 
and their possibilities for heat treatment recommend their’ use elsewhere, Prof. Brum- 
field said. The ultimate strength of some of these metals is as much as 90 tons per 
square inch. The strength of steel ranges from 50 to 100 tons per square inch.— Science 
Service 
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A SIMPLE ELECTRIC FURNACE 


Joun KISSEL AND NORBERT KRAMER, ST. Mary’s ACADEMY, SAN ANTONIO, TEXAS 


Wishing to duplicate a few experiments which required rather high tem- 
peratures, we found that the only solution to the problem was the build- 
ing of a furnace which would furnish the required temperature. The cost 
of a factory-built furnace was prohibitive, and so we set out to supply our 
own needs. 

The furnace is of the indirect electric arc type and the arc is established 
between two one-half inch cored carbons about a foot long. This size of 
carbons is sufficiently large to carry the rather heavy current which is used. 
The furnace operates on alternating current, requiring from fifty to a 


’ hundred amperes, depending on the temperature to be reached. 


The shell of the furnace is of heavy iron pipe, measuring six inches 
inside diameter. All cuts on this pipe are made at right angles. The shell 
carries two holes of one and one-quarter inches in diameter, centers being 
one and three-quarters inches from the top of the shell. 

The upper opening is fitted with a circle of transite. This circle is made 
to fit on the inside of the shell, where it 
is held by means of bolts. A hole is 
cut in the transite disk as an entrance 
to the crucible cavity. Another disk, 
a little smaller than the first, but having heedeiie Sic ieateel 
the inner hole cut one-half an inch larger 
in diameter, is then cemented to the first with retort cement. A reference 
to the accompanying diagram will clarify this explanation. 

A large fire-clay crucible is used to form the crucible cavity. This 
should be bored to allow for the entrance of the carbon electrodes. The 
bottom of this crucible is filled with retort cement in order to hold the 
smaller crucible at the proper height. The holes in the shell are fitted with 
tubular insulators made of porcelain. These can be bought at an electrical 
supply house for a trifling sum. They protect the electrodes from making 
contact with the shell and thereby causing a “‘short.”’ 

Clay is used as the heat insulator. However, if it is available, magnesite 
is far better and lighter. The clay is packed tightly in the interior of the 
furnace and the bottom is then bolted into place. The bottom transit 
disk is of the same diameter as the furnaceshell and is bolted directly to the 
latter. 

The cover is a two-inch section of the heavy piping and is fitted with 
two transite disks. One fits inside of the pipe and the other on top of the 
pipe. If desired, a peep-hole can be put in the cover. This is of advantage 
as one can then watch the arc, without removing the cover of the furnace. 
This cover is also packed with clay or magnesite. A handle is a very con- 
venient addition to the top. 
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Brackets are put on the side of the furnace in order to steady and sup- 
port the electrodes. These are made of brass strips, 1/2” X '/s". The 
diagram shows the construction very clearly. One of these supports is 
stationary while the other is movable in order to allow for easy adjust- 
ment. 

Electrical connections are made with the electrodes by means of heavy 
copper bands. A No. 6 flexible cable is used to carry the current to the 
furnace. It is good to avoid too many soldered connections, as the wires 
tend to get rather warm and solder will not hold. 

The best type of small crucible that can be used with this furnace is the 
clay-graphite type. Fire clay and alundum will not stand up under the ter- 
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rific heat that is generated by the arc. The authors have tried all three kinds 
and only the clay-graphite crucible remained intact at the end of the run. 
When using the graphite crucible pack in a bit of charcoal around the 
crucible. This will prevent the crucible and its contents from being 
oxidized and will prolong the life of the crucible. 

The large crucible which forms the crucible cavity will have to be renewed 
occasionally as it deteriorates under the terrific heat. This change is 
easily made and the furnace will be ready for renewed operation in about 
three hours. 

Starting at a dead cold start, this furnace was able to meit steel in 
about six minutes. Various other experiments were worked with equal 
speed. 
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AN APPARATUS FOR REMOVING GLASS STOPPERS FROM ACID 
BOTTLES 


EMBREE R. Rose, UNIVERSITY OF VERMONT, BURLINGTON, VERMONT 


At present there is no equipment available to remove “frozen” glass 
stoppers from reagent bottles. The method published by Rice (1) of in- 
verting the bottles containing the reagent has proved very successful, but 
this procedure is not always practical. 

The apparatus described below was developed to loosen the reagent-form 
stopper in 2'/2-liter acid bottles, but it may also be used to remove ‘‘frozen” 
stoppers from other types 


of bottles with either the @— NY) 
reagent, mushroom, or flat © 
t f f st 8 

squa orm of stopper. — © —Oo—, 

Figure 1 is a front view © 
of the apparatus attached ¢ ae 
to a 2'/,-liter acid bottle. — 
Figure 2 is looking down on ica 
the apparatus. F igure 3 is © a 
a detailed drawing of the { 


jaw-shaped stopper frame. i i —® 
The steel frame (B) is ear 

riveted to the U-shaped ® 

steel base (G) and supports 


FIG. 
FIG.3 



































a winged jig-screw (A). 
The steel frame (B) is strengthened on one side by a cross member (D) 
welded to it at each end. Two round-headed nuts (£) are screwed on the 
lower end of (C) with a */\.” space between and pinned to (C). The steel 
jaw (F) is strengthened on one side by a cross member (J) welded at each 
end. The slot (H) in the top of the jaw (F) is fitted between the round- 
headed nuts on the end of the winged jig-screw. 

When the apparatus is assembled as in Figure 1, a constant, uniform 
pull can be exerted on the stopper by turning up the winged jig-screw (A). 

In every case the stoppers in 2'/2-liter acid bottles have been loosened 
without the application of heat. ‘Frozen’ stoppers in many reagent 
bottles were removed when the apparatus was firmly screwed down on the 
bottle and the smoky flame of a Bunsen burner flashed around the neck of 
the bottle. 

Literature Cited 


(1) Ricr, “A Note on Removing ‘Frozen’ Glass Stoppers,’”’ J. CHEM. Epuc., 5, 756 
(June, 1928). 


If you want to get results—experiment, and nature talks to you; don’t experiment 
with lead pencils —THomas EpISON 
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AN EQUILIBRIUM EXPERIMENT FOR AN INTRODUCTORY 
LABORATORY COURSE IN PHYSICAL CHEMISTRY. METHOD 
OF EXTRAPOLATING TO ZERO CONCENTRATION 


DEAR EDITOR: 

The determination of the equilibrium constant for the reaction Ag + 
Fet++ == Ag+ + Fet+ has been nicely worked out as an experiment 
for the physical chemistry laboratory, by E. J. Shaw and Mary Elizabeth 
Hyde [J. Cuem. Epuc., 8, 2065 
(Oct., 1931)], but I wish to call 
attention to an error in the 
method of extrapolating to zero 
concentration. The three experi- 
mental values of K reported fall 
nearly on a straight line when 
plotted against y, the ionic 
strength; but at very low ionic 
4 strengths the plot must deviate 
considerably from this straight 
line. The value of the constant 





Se ' 4 as determined is 
‘eo 
‘ K = Cag+ Cre: Cre++ 
» Cre+++ 





a ~ 


. . while the true constant (or K 
0.1 0.2 0.3 











ual extrapolated to u = 0) is given 
Cagt Crot+ fant fre++ Sife 
K, = —4£ Ag = K-¥ 
C¥e++ 4 fret ++ K fs 





where f represents the activity coefficient of an ion of the valence desig- 
nated. At very low ionic strengths we can introduce the Debye-Hiickel 
expression for f, namely 
—log fion = 0.5 2°V/u (at 25°C.) 
and finally obtain 
log K = log Ky =— 2V iu 
That is, if we plot log K against ~/y, at sufficiently low ionic strengths 
the plot should approach a straight line with the slope —2, the intercept 
being log Ko. [Unless most of the ionic strength, however, is con- 
tributed by univalent ions the correct expression may be somewhat more 
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complicated. See GRONWELL, LAMkR, and SANDvED, Physik. Z., 29, 
358 (1928). ] 

The three values of K given, when plotted in this way, give a slope of 
about —0.32, and, as shown in the accompanying figure, undoubtedly 
lie on a portion of the curve too far removed from » = 0 to give any idea 
of the correct extrapolation. As suggested in the figure, a value of log 
Ky less than 1.25 seems unlikely, and this may be far too low. Thus 
Ky will not be less than 0.178. 

The work of Noyes and BRANN [J. Am. Chem. Soc., 34, 1016 (1912) | 
does not throw any light on this extrapolation, since all of their experi- 
ments were carried out at values of uy above 0.1. Their extrapolation of 
K, by plotting against total nitrate ion concentration to a value of 0.128, 
suffers from the same difficulty as that of Shaw and Hyde. 


Very truly yours, 


Crcit V. KING 
NEw YorK UNIVERSITY 
WASHINGTON SQUARE COLLEGE 
New York City 


VITAMINS AND FLAVOR 
DeEaAR EDITOR: 


I have observed in the study of vitamins that there seems to be a 
direct correlation between vitamins and flavor. For example, we find 
a greater amount of vitamins at the outer part of the apple, and the 
number decreases as you approach the core. We also find that the flavor 
of the apple is greatest at the outer layer and decreases near the core, as 
is the case with vegetables. Fruit often has a flat taste. Certain species 
of apples, for example, have very little flavor. 

If any one has found by experiment a correlation between the flavor 
of any food and vitamins, I should appreciate a reply sent direct to me 
at the address below. 

Sincerely yours, 


D. M. ToRRANCE 
GRANT SENIOR HIGH SCHOOL 
CEDAR Rapips, Iowa 


FARADAY 


DEAR EDITOR: 

It may interest you, and perhaps you will insert in one of the numbers of 
the JouRNAL OF CHEMICAL EpucaTION, a clipping from the London (En- 
gland) Times under date of August 27, which I brought with me on re- 
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turning to New York. The author of the recollections is Sir Alfred Yarrow. 
Cordially yours, 
L. H. FRIEDBURG 
HUNTER COLLEGE 
New York City 
Recollections of a Listener 


I have been told—and I have no reason to doubt the accuracy of the 
statement—that I am the only survivor of those who attended the Juvenile 
Lectures which Faraday delivered at the Royal Institution, Albemarle- 
street, many years ago. Although I was only a boy at the time, I still 
have vivid recollections of the intense interest that was aroused when his 
discoveries were made public; but what indelibly impressed itself on my 
mind was the kindliness and patience which Faraday exhibited towards 
any young people who cared to remain after the lectures and talk to him. 
When the crowd had left the theater some eight or ten of us boys would go 
down to his table, and he was always ready to remain perhaps half an hour 
talking to us, listening to our queries, answering them, asking us ques- 
tions, and even allowing us to repeat for ourselves some of the experiments 
he had shown the audience during his lecture. I venture to think not many 
eminent men would have spared the time and taken the interest he did in 
explaining to us points that we could not understand. Circumstances 
bring out character, and there is nothing better I can mention to show the 
charm of Faraday’s character than to recall his readiness to spend his 
valuable time talking to a lot of boys. 

To use an appropriate term, he seemed to have a “‘magnetic’”’ influence 
over us all, and his kindly words and sympathetic manner must have had a 
far-reaching effect on the lives of not a few. Among the audience I re- 
member our late King Edward, then Prince of Wales, sitting on one side of 
his father, and the Duke of Edinburgh on the other side. This illustrates 
how farseeing the Prince Consort was to endeavour to get his sons to realize 
the importance of science, which in those days was appreciated by a very, 
very few. 

My scientific friends describe Faraday as the Pioneer of Electrical 
Science and deal with the discoveries he made which gave birth to the 
electrical industry as we know it today. I am merely recalling my own 
personal contact with a man whose memory is honored throughout the 
civilized world. It was my privilege to be familiar with another side of 
this great man’s character, which was revealed to a very limited number 
of people. As well as being a brilliant scientist and experimental philos- 
opher, he was a deeply religious man. He belonged to a small Christian 
sect, now practically extinct, founded about 200 years ago by a man 
named John Glas, who was assisted by his son-in-law, Robert Sandeman. 
The brethren were called ‘‘Glassites’’ or ‘‘Sandemanians,’’ and chapels 
were established in England, Scotland, and America. In their practice 
the members of this sect aimed at strict conformity with what they be- 
lieved were the instructions of St. Paul. The Lord’s Prayer began and 
ended the service; there were prayers in which the Brethren took part in 
turn; Psalms were sung, and the Scriptures read; exhortations by some of 
the elders followed. The whole service was very much like a Quaker’s 
meeting. 
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From 1862 until the date of his death in 1867, Faraday was an elder of 
the Sandemanian Chapel in Bride-street, Barnsbury, in the North of 
London. During this period I lived within a stone’s throw of the chapel, 
and, owing to my admiration for Faraday, I frequently attended the ser- 
vices on purpose to hear him preach. This also gave a friend and myself 
the opportunity of showing our respect and affection for Faraday by mak- 
ing a point of walking in the opposite direction from that taken by him 
and his wife on their way to the chapel, so that as we passed we might 
raise our hats. Not satisfied with this, we would double round a side 
street on purpose to meet them again and once more raise our hats respect- 
fully. Our boyish enthusiasm seemed to amuse the professor, and he in- 
variably acknowledged our salutations with a smile or a few kind words. 
Then we would follow the couple to the chapel and join in the service, 
which was very simple. Faraday, followed by some of the elders, would 
address the congregation, but I hope those who read these reminiscences 
will not think the worse of me when I say that to us Faraday’s discourses 
in the chapel were far less attractive than his lectures in Albemarle-street. 

It is interesting to record that Faraday’s chapel is still in existence, al- 
though since 1906 it has been used as a telephone exchange. Structurally, 
however, it has remained unaltered, and on the wall over the patlform is a 
memorial tablet to mark the position Faraday usually occupied when 
preaching; and on the floor there is a little brass plate to indicate the spot 
where his pew was situated. 

I always feel that whatever success I have achieved in life has been in no 
small measure due to the influence that Faraday exerted over me when I 
was a lad, steering my interests in a direction in which I have always found 
delight. 


ALEXANDER BORODIN: CHEMIST AND MUSICIAN 


DEAR EDITOR: 

A few days ago I came across 
the article on the chemist and 
famous composer, Borodin, 
[GeTMAN, J. CHEM. Epuc., 8, 
1763-80 (Sept., 1931) ] which in- 
terested me very much. 

I am sending you herewith a 
photograph of Alexander Borodin 
which may be of interest to your 
readers. This photograph came 
into my possession together with 
a collection of photographs of 
other Russian composers through 
my father, Councilor of State, 
August R. Bernhard, late Presi- 
dent (Director) of the Imperial 
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Conservatory of Music in St. Petersburg (Russia), who knew Eorodin 
personally. It must have been taken sometime between 1880 and 1883, 
as it represents Borodin at an age when my late mother met him, which 
was around 1882-83. 
Yours very sincerely, 
HERMANN BERNHARD 


Sr. Joun’s COLLEGE 
ANNAPOLIS, MARYLAND 


DOCTORATES IN CHEMISTRY AND RELATED FIELDS 
CONFERRED BY AMERICAN UNIVERSITIES, 1930-31. 
CORRECTION 


The following dissertation should be added to the list (published in the 
November, 1931, JouRNAL OF CHEMICAL EpucaTIOoN) for Purdue Uni- 
versity (page 2269), under the heading—Chemistry: 


JOsEPH PARKE MEuLIG, “A Spectrophotometric Study of Certain Solutions for Use 
as Colorimetric Standards.” 


Warns against radioactive waters and radium emanators. Warning against the 
use of radioactive waters and radium emanators, frequently promoted for the cure of 
a great variety of diseases and ailments, was contained in a report by Dr. Harrison S. 
Martland, medical examiner of Essex County, City Hospital, Newark, N. J., to the 
American Journal of Cancer. 

From long study of the effects of radium poisoning in the luminous watch dial 
painters, Dr. Martland has concluded that it is dangerous to increase the normal radio- 
activity of the human body, on the strong presumption that increased amounts of radio- 
activity over a number of years may produce cancer. 

“The drinking over long periods of time of radioactive waters containing radon 
may allow a small amount of active, long-lived deposit to enter the body, part of which 
may finally be deposited in the bones and other organs as more or less insoluble salts,” 
he stated. 

Such deposits of insoluble salts of radium and other radioactive substances were 
responsible for the development of fatal cancer (sarcoma) in the watch dial painters, Dr. 
Martland showed in the report. 

Some of the radioactive waters for sale, when taken according to directions of the 
promoters, would require to be swallowed each day an amount of radioactive substance 
equal to that taken by some of the dial painters, he found. These substances are in solu- 
ble form in the water, but they are changed in the blood to the more insoluble car- 
bonates, phosphates, and even sulfates of radium and mesothorium and eventually reach 
the bones. Once deposited there in insoluble form, there is no way known now to elimi- 
nate them from the body or to protect it from their fatal bombardment of alpha par- 
ticles, with the exception, possibly, of methods of treatment similar to those used in the 
treatment of chronic lead poisoning. 

Radium emanators, and the waters of natural radioactive springs were objected to 
by Dr. Martland on the same grounds.—Science Service 
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APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


The demonstration of liquefied gases. H. RHEINBOLDT. Z. physik. chem. 
Unterricht, 44, 218-20 (Sept.-Oct., 1931).—The liquefaction of gases can be demon- 
strated by the use of pressure at ordinary or slightly lower temperature or by cooling 
below the boiling point of the substance. The liquefaction by pressure can be shown 
according to Faraday’s classical method whereby the gas is formed in a closed bent 
tube by the thermal decomposition of a suit- 
able compound placed in one branch of this 
tube. However, Faraday’s method is shown 
very rarely nowadays on account of the 
danger involved. The liquefaction by cool- 
ing is generally shown by placing a proper 
vessel in a cooling mixture. This method 
has the disadvantage that the process of 
liquefaction cannot be observed at all by the 
audience. Only after a sufficient quantity 
of liquid has collected it becomes possible to 
take the receiver out of the bath and to show 
it for a short time. This disadvantage can 
be avoided by the use of a vessel shown in 
the figure. Here the gas is cooled from the 
inside rather than from the outside. 

The apparatus (Figure 1) consists of two 
parts: the outer, double-walled vessel A with 
the receiver B for the liquefied gas, and the 
cooling vessel C which holds the cooling mix- 
ture. Both parts are connected by a glass- 
ground joint. The outside vessel is mounted 
on a heavy wooden base. 

The carefully dried gas is introduced from the bottom, passes through a narrow 
tube around the lower part of the receiver and then hits the cylindrical part of the cool- 
ing vessel. It liquefies and the condensed droplets fall distinctly visible into the re- 
ceiver. Gas entering the vessel is precooled by the liquid. The double wall prevents 
loss of heat by radiation and precipitation of the humidity of the air on the walls. Two 
vessels of the type shown in Figure 2 can be attached in series to the inlet and to the 
outlet tube of the apparatus so that the velocity of the liquefaction can be adjusted 
easily. 
The following substances have been liquefied easily with this apparatus: chlorine, 
sulfur dioxide, nitrogen trioxide, nitrogen dioxide, hydrogen bromide, hydrogen iodide, 
hydrogen sulfide, ammonia, nitrosylchloride, sulfur trioxide, methyl chloride, methyl 
bromide, dimethyl ether, methyl nitrite, ethyl nitrite, methyl amine, ethyl amine, 
formaldehyde, acetaldehyde, etc. The cooling baths used were, depending upon the 
temperature wanted: ice-water, ice-salt, ice-sulfuric acid (sp. gr. 1.65), carbon dioxide- 
acetone. 

In the case of ammonia it was possible to show the solubility of metals in liquid 
ammonia and the colors as well as the decolorization of these solutions with the for- 
mation of metal amides by the addition of certain catalysts. 

The apparatus is manufactured by Hans Hilgers, Bonn, Meckenheimer Allee 4, 
at the price of RM 12 ($2.90). L. S. 

Experiments for the demonstration of the radioactivity of polonium. F. Horr- 
MANN. Z. physik. chem. Unterricht, 44, 26-8 (Jan.-Feb., 1931).—The polonium used 
for these experiments was bought from Buchler & Cie, Braunschweig, at a price of 10 
RM ($2.50). It was obtained in the form of a thin, dirty gray layer that had been 
precipitated electrolytically on a copper sheet (5 X 0.5 cm.). 

The following experiments are quite successful: 

1. The a-rays of the element can be detected in the dark at a distance of 2 meters 
by holding the sample at a slanting angle in front of a zinc sulfide plate. 

2. The sample will develop a photographic plate within ten seconds. 
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3. Ionization experiments can be performed in a fog chamber. Up to 15 atom 
ray tracks were detected. 

The range of the a-rays of polonium can be determined in the ionization cham- 
ber shown in the accompanying figure. This range is inversely proportional to the 
pressure and directly proportional to the absolute temperature. The chamber made 
from brass contains the two precipitator plates C, and C; (14 mm. wide, 100 mm. long, 
and 1 mm. thick, having an edge of 1 mm.). The lower plate (> carries a piece of Trolite 
through which an opening A (6 X 10 mm.) has been cut. At P there is a glass tube 

G attached to C: where 
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S; are clamps for making 
electrical connections. K 
is a piece of cork by means of which the whole apparatus is clamped to a ring stand. 
H is a holder made from thin copper by means of which the sample can be inserted 
between H and T. Smoke from a cigaret is conducted through G into the chamber. 
Any excess escapes at the cover. Direct current (220 volts) is passed through the 
precipitator. The thick tobacco smoke is cleared up through the action of the 
electric field. A very fine fog remains that can be made visible by projection. 
Even this fine fog disappears within the range of the X-rays. In a few seconds the 
space from A to about the center of the chamber becomes clear while the right half 
stays foggy. The boundary is very sharp and about 4 cm. away from the sample. 

5. The atomic disintegration can be heard by means of a loud speaker. L. S. 

Lecture experiment for the demonstration of the energy of canal rays. E. BADEREN. 
Z. physik. chem. Unterricht, 44, 217-8 (Sept.-Oct., 1931).—The discharge tube takes 
the form of two conjoined glass cylinders of 2.5 and 4 cm. diameter, respectively, and 
contains an anode A made from copper and a cathode made from iron (diameter 4 cm., 
thickness 0.5 cm.). 

In the center of the cathode is a canal of a diameter of 0.3 cm. and around it an 
opening as can be seen from the figure. This opening is adjusted to the inner wall of 
the tube so that the discharge cannot escape between the wall and the plate. Near 
the cathode is a light metal- 
lic wheel R which is sus- 
pended from a very fine [ 
wire. This thin wire is bent 
ataright angle and attached 


to the cathode lead so that ey {4 








both cathode and wheel 
have the same potential. 
The total weight of the 
wheel is 4 mg. 

On connecting the anode to the positive pole of an electrostatic machine and ground- 
ing the cathode it is possible to observe canal rays at a definite gas pressure and a cer- 
tain current strength. When the wheel is exposed to these rays it will be brought to 
rapid rotation due to the kinetic energy of these rays. In the experiments carried out 
by the author the pressure was 0.03-0.06 mm. Hg, the strength of the discharge current 
10-4 amperes, and the potential difference between anode and cathode 3000-5000 volts. 

The energy of the canal rays can also be illustrated by substituting some Wood 
alloy for the wheel. The sheet of the alloy must be small and very thin (thickness 
0.08 mm., length 8-10 mm., width 1-2 mm.). When the current strength of the dis- 
charge becomes large enough (20-30 milliamperes) the alloy melts due to the energy 
of the canal rays. 

Such a discharge tube is made by Leybold’s Nachfolger, A. G., Kéln. L. S. 

The synthesis of hydrogen chloride in a gas reaction double sphere. P. RISCH- 
BIETH. Z. physik. chem. Unterricht, 44, 117-9 (May-June, 1931).—Preliminary Ex- 
periment. A tall dry cylinder having a contents of !/2~1 liter is fitted with a two-hole 
stopper through which two pieces of glass tubing have been placed. One piece nearly 
reaches the bottom of the cylinder. The lower half of the cylinder is then filled with 
chlorine through this long tube. The other glass tube is very short. The apparatus 
is exposed to the sun and a quantity of hydrogen equal to half the capacity of the cylinder 
is passed slowly into the cylinder. There is no explosion. The color of the chlorine 
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becomes lighter and lighter and it can be seen very distinctly that the upper boundary 
line of the greenish gas is raised more and more until finally hydrochloric acid fog es- 
capes from the short tube of the cylinder. The experiment shows that the volume 
of hydrogen chloride formed is approximately equal to the sum of the 
volumes of chlorine and hydrogen used. 

Principal Experiment. ‘The apparatus consists of 2 150-cc. glass 
spheres connected to each other by means of a large three-way stopcock. 
Both spheres are fitted up with additional stopcocks as shown in the 
accompanying figure. The air in the upper sphere is displaced with 
carefully dried chlorine through the three-way stopcock. Then the air 
in the lower sphere is displaced by dry hydrogen. Both gases must be 
at atmospheric pressure. Now the apparatus is exposed to direct sun- 
light and the two spheres are opened to each other by properly adjust- 
ing the three-way stopcock. There will be no explosion. The light 
hydrogen rises while the heavy chlorine passes downward. The green 
color disappears within 5-15 minutes depending upon the intensity 
of the sun rays. Then the end of the lowest stopcock is connected to 
a 20-cm. long piece of glass tubing which is put into a beaker of water. 
On opening the stopcock, the level of the water in the tube should be 
about the same as the level in the beaker showing that the volume 
of the product formed is equal to that of the sum of the two com- 

onents. 
‘i The apparatus is manufactured by Emil Dittmar & Vierth, Hamburg 15, Spald- 
ingstr. 160. j ae 

The decomposition of carbon monoxide in the presence of iron and iron oxides. 
P.RiscupietH. Z. physik. chem. Unterricht, 44, 22-4 (Jan.-Feb., 1931).—The following 
experiments which can be used for lectures and laboratory work illustrate the reversible 
reaction indicated by the equation: CO, + C == 2CO. ; : 

Experiment 1. The gasometer A (Figure 1) which contains 3 liters of carbon 
mouoxide, which can be pre- 
pared easily from sodium for- 
mate and concentrated sul- 
furic acid, is connected to a 
quartz tube 20 cm. long. 

gy This tube contains a layer 10 
cm. long of carefully sifted 
powdered brown hydrous 





a oxide of iron having a diame- 
f ter of 1-2 mm. and is fitted 
+ up with two one-hole asbestos 


stoppers. The tube is heated 
slowly whereby the water 
which had been bound chemi- 
cally to the hydrous oxide is 
driven off. Then the open 
end of the tube is connected 
to a gas buret by means of 
a piece of rubber tubing 50 
cm. long and the tube is 
heated strongly. Atthe same 
time a slow stream of carbon 
monoxide is passed through 
the apparatus at the rate of 
FIGURE 1 1 ce. per second and the es- 
caping gas mixture consisting 
of much carbon dioxide and little carbon monoxide is analyzed. Black carbon is 
precipitated in the tube during the run. 

Experiment 2. While the first experiment showed the solidification of gaseous 
carbon, the gasification of solid coal can be demonstrated by means of the second ex- 
periment. 

The tube (Figure 2) is filled with black oxide of iron and is closed with two one- 
hole stoppers fitted up with small T-tubes. The horizontal tube of the T-tubes lead 
through drying towers filled with sulfuric acid to a gasometer containing carbon mon- 
oxide or to a Kipp generator delivering carbon dioxide. The vertical end of the one 
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T-tube is fitted up with a rubber tube closed by a screw clamp while the other one 
leads to a gas buret. Carbon monoxide is dried in D, passed over the heated catalyst, 
and then through G into the gas buret. To reverse the process carbon dioxide is passed 
through the drying tower Z into the tube A, G is closed with a clamp, and F is connected 
to the buret. The gas mixture can be analyzed with a potassium hydroxide pipet as 
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Figure 2 


before. The results show that on passing carbon dioxide through the apparatus from 
right to left there will be a separation of carbon while in the opposite case carbon is 
partly converted into carbon dioxide, at the temperature of the experiment estimated 
at about 400-500°. The composition of the gas mixture in both cases is about the 
same. L. §. 
Lecture experiment on the preparation of hydrocyanic acid from methyl amine. 
H. Emp AND T., HoRNEMANN. Z. angew. Chem., 44, 278 (Apr. 11, 1931).—The reaction 
is given by the equation CH;NH, -+- O. —» HCN + 2H,0. Tollen (Z. angew. Chem., 
1866, 516) found that after the combustion of an aqueous solution of methyl amine 
the remaining aqueous solution gives all tests for hydrocyanic acid. This dehydration 
of methyl amine can be demonstrated more quickly and impressively as follows: Put 
a square piece of wire gauze over a funnel, bend over the corners and place a piece of 
ice on top of the wire gauze. Let a 6-cm. high Bunsen flame, with inner yellow tip, 
burn a few em. away from the ice at an equal height. By using an atomizer [(Chem.- 
Zty., 53, 1003 (1929) | spray a concentrated aqueous solution of methyl amine through the 
re ducing part of the flame against the block of ice in such a way that the pale yellow 
flame of methyl amine is dispersed by the ice. The melted ice is caught beneath. 
The solution smells strongly of methyl amine and gives all tests for hydrocyanic acid. 
L. S. 


White iron hydroxide. H. F. Macer. Z. phystk. chem. Unterricht, 44, 78 
(Mar.-Apr., 1931).—A small Anon flask is Rit filled with a strong solution of 
ammonium chloride and closed with a stopper which is fitted with a small funnel. The 
stem of the funnel does not reach the liquid. A small quantity of iodine is mixed in a 
dry test tube with three times the quantity of iron dust; a few cubic centimeters of 
water are added, the mixture is shaken once and then the test tube is held quietly. 
A slight effervescence becomes noticeable accompanied by the evolution of a little 
heat. The mixture is filtered into the Erlenmeyer flask at once. Every drop of ferrous 
iodide yields a nearly white precipitate of ferrous hydroxide. On opening the flask 
and adding a powerful stream of water the white precipitate turns green immediately, 
then dark green, and finally brown. Lo 

Conversion of solid to liquid or gaseous carbon dioxide. Jnd. Eng. Chem., News 
Ed., 9, 820 (Oct. 20, 1981).——‘‘From solid carbon dioxide either liquid or gas may be 
supplied at a considerable saving in cost over liquid carbon dioxide in cylinders by the 
use of a new piece of equipment, called the ‘Liquidor,’ recently announced by the 
Dry Ice Corporation of America, 52 Vanderbilt Ave., New York, N. Y. 














982 


one 
st, 


ted 


Vo. 9, No. 1 ABSTRACTS 


“Solid carbon dioxide is more cheaply available than liquid 
because it can be handled and shipped in insulated containers 
weighing much less than the steel cylinders required for the 
latter. The new device allows the conversion of solid into gas or 
liquid economically at the point of consumption and reduces the 
cost to the consumer. It consists of a heavy steel cylinder, 
specially constructed to withstand the heavy pressures involved, 
into which solid carbon dioxide 1s introduced and allowed to melt 
under pressure. Valves at the top allow gas to be drawn off and 
those at the bottom supply liquids as needed. 

“The capacity of the Liquidor is 150 pounds of carbon diox- 
ide, which may be secured in solid form by mail or express ship- 
ment from many points of manufacture throughout the United 
States.” G. W. S. 

Cooling apparatus. J. HALLER. Chem.-Zig., 55, 267 (Apr. 8, 
1931).—Frequently it becomes necessary to cool small quantities 
of liquids or other substances to low temperatures. It is difficult 
to keep a definite temperature constant for a period of time with 
the usual freezing mixture. The apparatus shown was devised 
for this purpose. It is filled with very volatile liquids and the 
well-known principle is used according to which warm air is pre- 
cooled with a previously cooled current of air. 

The Liebig condenser L and the flask F are both partly filled 
with carbon disulfide. By the use of a suction pump which is 
attached to RE air is sucked through the apparatus. The air 
passes first through the carbon disulfide in the condenser which 
is volatilized, thereby lowering the temperature. Then the cooled 
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air passes through the tube 
R into the flask F, where 
the air is cooled again, 
due to further evapora- 
tion of carbon disulfide. 
This twice-cooled current 
of air passes through the 
spiral coil surrounding the 
condenser where the car- 
bon disulfide and the fresh 
current of air are cooled 
down to the prevailing 
temperature. In order to 
prevent the clogging up 
of the tubes R,L with ice 
formed by the condensed 
moisture in the air it is 
necessary to insert a wash 
bottle with sulfuric acid 
at that point. As soonas 
the desired temperature 
is reached it can be kept 
constant by properly ad- 
justing the air current. 
If the carbon disulfide 
should be recovered for 
economical reasons the air 
current is sucked from the 


apparatus through a wash-bottle filled with oil before it enters the pump. The 
chemical can be obtained easily from the oil by distillation. Temperatures down 
to —15°C. can be reached and kept constant. Figure 2 shows a slightly different 
arrangement of the same apparatus. A description of the second apparatus is un- 


necessary as it works on the same principle. 


The apparatus can be made from glass or metal. If the tube N in which the sub- 
stance is to be cooled is made in the shape of a spiral it can be used for cooling and lique- 
fying gases. Ether or ethyl chloride is employed when lower temperatures are necessary. 

LS. 





160 JOURNAL OF CHEMICAL EDUCATION JANUARY, 1932 


A new extraction dialyzer. H. Rass. Chem.-Zig., 55, 395 (May 
23, 1931).—All extraction dialyzers described hitherto have the follow- 
ing disadvantages: either they can be used at atmospheric pressure 
only or else, if they can be used in vacuum, they cannot be employed 
for accurate analytical work as they have been provided with too 
many cork and rubber connections. These disadvantages are avoided 
in the apparatus shown which can be used for atmospheric as well as 
diminished pressure. The apparatus is provided with glass-ground 
standard joints. 
It is manufactured by Greiner & Friedrichs, Stutzerbach, Thii- 
ringen, Germany. a S. 
A new leveling vessel for producing constant pressure in gas 
analytical investigations. W. HERBERTAND W. WAHLIG. Chem.-Ztg., 
55, 474 (June 20, 1931). 
—During experimental 
and analytical investiga- 
tions with gases, particu- 
larly in reactions in 
which gases are formed 
or in which there are 
changes of volume, it 
frequently becomes nec- 
essary to keep the pres- 
sure in the reaction ves- 
selconstant. If the pressure is not con- 
stant it often happens that hot tubes 
bulge out or collapse. 


MMM 





FIGURE 2 





The pressure in the apparatus shown 
in Figure 1 depends upon the difference FIGuRE 1 
in height between the point a of the gas 
inlet tube and the surface of the liquid in the leveling vessel. If the pressure in the 
reaction vessel R increases by the evolution or the addition of gas, gas bubbles rise 
in the buret and a corresponding quantity of liquid flows off into the leveling vessel. 
In this way the difference in height h is decreased; the pressure in the apparatus in- 
creases and in order to obtain the former 
pressure it is necessary to lower the level- 
ing vessel again until h has reached its 
first value. A constant regulation with 
the leveling vessel is required to keep 
the pressure constant by the use of such 
an apparatus. 

This disadvantage is avoided when 
using the tube shown in Figure 2. The 
inlet tube EZ is arranged in such a way 
that the inflowing liquid does come di- 
rectly in contact with the liquid already 
present in the leveling vessel. In this 
MUN P way the counter pressure remains con- 
’ stant and becomes independent of the 
quantity of liquid present. The leveling 

: tube has the added advantage that it 
= 3 can be used without any stand. 

A practical example is shown in Fig- 
ure 3. The leveling vessel is lying on the table. The effective pressure height is given 
by the difference a — b independent of the level N. In order to fill the buret with the 
confining liquid (mercury, potassium hydroxide solution, etc.) the leveling vessel is 
placed in a vertical position. The buret is read in the usual manner. L. §. 
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An atomizer for spectral tests. J. MmrBaveR. Chem.- 
Zig. 55, 323 (Apr. 29, 1931).—The apparatus shown is 
used to introduce liquids into the non-luminous flame of a 
Bunsen burner. It consists of a glass tube D which can be 
inserted into a metal holder C,G. An atomizer F is sealed to | § 
this glass tube. It can be started by a current of air through 
the rubber tube H whereby the liquid to be examined is blown 
to a fog which passes through the flame and thus colors it. 
Large drops fall into the vessel L made from quartz which is 7 F 
attached to the burner by J. When necessary these droplets 
can be led back from L to D. LS. gt 


ADMINISTRATIVE PROBLEMS AND DEVICES; nfel Se 
CURRICULA 0 ap 


Chemistry in high school and university. G. McP. | C 
SmirH. Wash. Educ. J., 11, 22-3 (Sept., 1931).—This article 4 
deals with the correlation of instructional work in general 
chemistry in the high schools and at the university. 

The report of the committee on correlation appointed A 


December 6, 1930, is as follows: 
1. Work given in the high schools is not unnecessarily ~*~ 
duplicated in the university. 

2. Freshmen in the university including those who have 
had chemistry in high school do not attain any too high 


an achievement in freshman chemistry. 

3. On the basis of an examination given during Freshman Week at the University 
of Washington, the best prepared students who have had chemistry in high school 
are exempted from the first quarter of college chemistry. 

4. The laboratory work in elementary college chemistry has been reorganized 
to avoid repetition of experiments already performed in high school. 

An outline of the work presented in the first quarter of college chemistry is 
given for the information of high-school teachers preparing students for the university. 
B.D. 




















The application of the motion picture to the problem of the rising cost of education. 
B. A. AUGHINBAUGH. Educ. Screen, 10, 193-4, 197 (Sept., 1931).—The causes of the 
rising cost of education are as follows: (1) Education is no longer a cultural develop- 
ment for children of the rich, but has become a means of extending the possibilities 
of the masses for making a better livelihood. (2) The fight against child labor has re- 
sulted in keeping children in school more years than was once the case. (3) Better 
school facilities have a tendency to encourage children to remain in school longer than 
their forefathers. (4) The increase in qualifications for the professions has made in- 
creased knowledge a necessity, and the burden of imparting it falls on the educational 
institutions. 

The American public is much in favor of the school. Then, there are two things 
to do: cease complaining about the rising cost of education and “‘pay the fiddler for 
the dance,” or find some way of iniparting the mass education by mass production 
methods. The schools use much the same ‘production methods” that have been in 
use for ages. The motion picture offers a means of speeding up the imparting of knowl- 
edge. A reel of pictures has successfully presented material in fifteen minutes’ time 
that requires four chapters of the textbook and ten days to discuss and digest. 

Bet 
KEEPING UP WITH CHEMISTRY 


The element rhenium. I. Noppack AND W. Noppacx. Z. angew. Chem., 44, 
215-20 (Mar. 21, 1931).—In the last year the position of rhenium changed from that of 
a little available substance to that of an industrial product which can be obtained in 
any quantity. The article summarizes the chemical properties of the element, its 
analytical detection, and quantitative determination. 

Chemical Properties. As an element of the seventh group of the periodic system, 
rhenium exhibits seven valences just like manganese from which it differs by its greater 
similarity to sulfur and the greater stability of its heptavalent compounds. Anhydrous 
rhenium heptaoxide, Re:O;, is formed by burning the powdered element in oxygen or 
air. It consists of yellow crystals which melt at 220°C., sublimes below the boiling 
point, and is very soluble in water. The aqueous solution is acid in character due 
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to the formation of the monobasic perrhenic acid, HReO,. The salts of this acid, the 
perrhenates, are nearly all colorless, very soluble in water, and very stable. The in- 
soluble perrhenates are those of silver, thallium, potassium, rubidium, and cerium. 
Black rhenium pentasulfide, Re.S;-H20, is formed by passing hydrogen sulfide through 
acidified solutions of perrhenates. This sulfide is insoluble in bases, alkaline sulfides, 
and strong hydrochloric and sulfuric acids, and is oxidized by nitric acid or hydrogen 
peroxide to perrhenic acid. The oxygen of perrhenates is displaced by sulfur in neutral 
or basic solution by soluble sulfides. Thus these compounds have been prepared: 
potassium monothioperrhenate, KReO,S, thallium monothioperrhenate, TeReO;S, and 
potassium thioperrhenate, KReS, The thioperrhenates decompose by the addition 
of acids and form rhenium heptasulfide. Perrhenic acid, HReO,, is an analog to per- 
manganic acid, HMnQ,, and perchloric acid, HC1O,, from which it differs by its great 
stability. Monothioperrhenic acid, HReO,S, is similar in its properties to the corre- 
sponding halogen and thiocyanic acids. Another heptavalent compound is the peroxide, 
Re.Os, which is formed as a white powder by heating finely divided rhenium which de- 
composes at 150°C. yielding Re,O,. Volatile green crystals of the chloride, ReC1,, 
are formed by passing chlorine over heated rhenium. The crystals hydrolize with 
water. 

Hexavalent compounds are unstable. During the oxidation of melted mixtures 
of rhenium or perrhenates with alkalies colored compounds are formed from which on 
cooling an insoluble yellow salt, BaReQ,, can be crystallized. The volatile brown 
chloride, ReCls, is formed by heating rhenium with chlorine at 500°C. 

Pentavalent compounds are not known. 

There are many tetravalent compounds which are obtained usually by the reduc- 
tion of heptavalent compounds in acid or basic solution with zinc, aluminum, hydrazin, 
potassium iodide, etc. Rhenium dioxide, ReOs, is a dark brown powder, soluble in 
concentrated hydrochloric acid with the formation of a brownish green solution of the 
chloride, ReCh, from which the black sulfide, ReS., can be precipitated with hydrogen 
sulfide. Bases precipitate the hydroxide from the same solution; potassium thiocyanate 
turns the solution yellow and potassium ferrocyanide turns it red. Oxidizing agents 
change tetravalent compounds to heptavalent compounds. 

Compounds in which the element has a valence of three, two, or one are unknown. 
Attempts to reduce the oxide, sulfide, or chloride to form compounds in which rhenium 
has a valence less than four failed; the element was formed in every case. 

Detection. The spectroscopic test is the most sensitive one. Rhenium compounds 
give a pale green color to the Bunsen flame similar to that of molybdenum. A spark 
or electric arc spectrum can be used. The spectrum of the arc is photographed with a 
quartz spectrograph. The rhenium spectrum contains a large number of lines, the 
strongest and most lasting of which are at 3465, 3461, 3452, and 4889 A. U. The ele- 
ment can be detected spectroscopically in concentrations of less than 10~*. If an X- 
tay spectrograph is used, the best line of the Z series ReLa, is at 1.4298 A. U. close to 
the zinc line ZnKa; = 1.4820 A. U. The sensitivity of this test is 0.01%. Chemi- 
cally it is detected by the precipitation of potassium perrhenate. It is determined 
quantitatively by the use of gravimetric methods involving the use of perrhenates of 
potassium, thallium, silver, or the element itself. LS 

The size and shape of molecules. E. Mack, Jr. Sci. Mo., 33, 365-74 (Oct., 
1931).—An interesting description is given of some of the evidences for the existence 
of molecules and for their size and shape. Evidence for the latter has been obtained 
through a study of X-ray analysis, oil films, and collision areas. G. W. S. 

The romance and utility of the electron moment. J. F. Hatter. Rep. New Eng. 
Assoc. Chem. Teachers, 33, 4-8 (Sept., 1931).—There is a certain single point in space 
corresponding to the center of gravity of the electrons of an atom, also a point which 
is the positive center of gravity. These two centers of charge may coincide in a point 
or may be separated by a small distance. One molecule can be replaced by its electro- 
static equivalent, a short bar having at its ends the total negative and total positive 
charges, respectively. 

The effect of the existence of an electron moment in a molecule can be divided 
into two parts, the effect on the internal fields and the effect on the external fields. 
The internal field is responsible for many of the chemical characteristics of the com- 
pound, the external field is responsible for the physical characteristics. 

The dielectric constant is a measure of the electron moment and those molecules 
which have a high moment are the polar compounds. Gay 

Dietary facts and fads. W.C.Rosr. Ind. Eng. Chem., 23, 711-7 (June, 1931).— 
This article first points out some of the “incredible methods used to beguile the un- 
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wary,’ showing some of the absurd claims made for certain foods or food combina- 
tions. The requirements of an adequate ration are discussed under several heads. 
(1) Protein. The primary purpose of protein is to replace the wear and tear on the 
tissues. About one gram per kilogram of weight is sufficient and allows a 50% margin, 
since some essential amino acids are missing in certain proteins. For growing persons 
about 2-2.5 grams per kilogram should be allowed. (2) Energy Requirements. The 
number of calories required for the average business man is about 2500 to 3000 large 
calories, and for laboring men may be 6000 per day. The protein furnishes about 
300, and the rest is preferably furnished by fat and carbohydrates. 70 grams protein, 
400 grams carbohydrate, and 80 grams fat would furnish 2645 calories and would be 
satisfactory for the average business man. Fat and carbohydrates may be varied 
over rather wide limits. (3) Inorganic Materials. The significance of inorganic salts 
is only partially appreciated. They are necessary in the bones, tissues, digestive 
fluids, cells. At least nine elements are always present and traces of a number of others 
The ordinary foods will usually supply enough minerals. (4) Importance of Iodine. 
The iodine content of an adult man is about 25 mg., about 15 mg. being present in the 
thyroid. Of 2190 pupils taking 2 g. NaI twice yearly only 5 developed thyroid enlarge- 
ment, while of 2305 not taking it, 495 developed thyroid enlargement. About 200 mg. 
iodine are required per year. (5) Vitamins. The six vitamins, A to G, are discussed 
with respect to their occurrence and function. (6) Other Desirable Features, such as 
water and roughage. (7) Most Common Deficiencies in Diet are calcium, iodine, and 
vitamin D. Milk will remedy the calcium deficiency. Iodine may be obtained from 
iodized salt or drinking water. Vitamin D may be acquired through cod-liver oil or 
irradiated ergosterol. De EL: 

Copper can now be made hard. W.E. Gammon. Rev. Reviews, 84, 58-62 (Oct., 

1931).—Dr. Curtis L. Wilson of the Montana School of Mines has perfected a process of 
hardening an alloy consisting of copper with a very small percentage of nickel and 
silicon. The alloy at high temperature and in an atmosphere has the color of silver. 
The alloy is said to have the tensile strength of 130,000 Ib. per square inch (twice the 
tensile strength of structural steel); possesses a remarkable fluidity, and may be cast 
free from bubbles. G. W. H. 

The protection of metals by metallic films. E.S. Hepces. Chem. & Ind., 50, 
768-72 (Sept. 18, 1931).—A description of the different methods of applying a protective 
film of metal is given. The following methods are discussed; hot-dipping, electroplat- 
ing, metal spraying, cementation (the process of producing an alloy on a metal eek 

E. R. W. 

The production of oil from coal. L. J. Rocers. Chem. Age, 25, 269-71 (Sept. 26, 
1931).—A survey is given of the problems connected with the production of oil from 
coal by hydrogenation. E. R. W. 

The catalytic action of surfaces. J.E.Nyrop. Chem. & Ind., 60, 752-5 (Sept. 11, 
1931).—The catalytic effect of a surface depends on the maximum kinetic energy of the 
free electrons of the catalyst and to the accessible area of the catalyst. The effects 
of temperature, pressure, and of the ionization energy of the molecules of the reacting 
material are important in attempting to explain surface catalysis. These theories 
are applied to the synthesis of ammonia, to the decomposition of ethyl alcohol vapor, 
and to the synthesis of methyl alcohol. E. R. W. 

The chemistry of the stars. W. K. Green. Rep. New Eng. Assoc. Chem. 
Teachers, 33, 12-28 (Sept., 1931).—A star is in mechanical equilibrium; the outer layers 
are gaseous, and the outer layers are in radiative equilibrium. The study of the chem- 
istry of the outer atmospheres of the stars in so far as it involves the distribution of the 
elements is quite completely solved. 

The great diameters of the so-called giant stars is due to decreased density rather 
than increased mass. The modern theories of gravitation are the controlling factors 
in the mass of such a star as Betelgeuse. 

As a star cools off, its color passes down through the sequence and the star even- 
tually’becomes dull red and disappears from view. On the basis of the theory we should 
find that very large and attenuated stars are red as are very small and dense stars. 
This was found to be true. 

The stars which give out the most energy per unit mass are the most massive and 
hence the youngest. 


Recent advances in enzyme chemistry. The mechanism of peptide hydrolysis. 
A. K. Batis. Sigma Xi Quart., 19, 99-112 (Sept., 1931). H. T. B. 
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SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES 


Thin films in relation to corrosion problems. U.R.Evans. Chem. Age, 25, 244-5 
(Sept. 19, 1931).—A brief review of the corrosion problem. E. R. W. 


HISTORICAL AND BIOGRAPHICAL 


Benjamin Rush. (1) Goon, ‘Benjamin Rush and His Services to American 
Education,’’ Witness Press, Berne, Indiana, 1918; (2) SmirH, EpGar F., ‘James 
Woodhouse,” J. C. Winston Co., Philadelphia, Penna., 1918, pp. 9-19; (3) Smits, 
Epcear F., “Chemistry in Old Philadelphia,” J. B. Lippincott Co., Philadelphia, Penna,, 
1919, pp. 6 f.; (4) Situ, Epcar F., “Old Chemistries,’”’ McGraw-Hill Book Pub- 
lishing Co., New York City, 1927, pp. 11 ff. 

The sixtieth birthday of N. Caro. Chem.-Zig., 55, 393 (May 23, 1931).—Geh. 
Regierungsrat, Prof. Dr. Nicodem Caro, the head of the German calcium cyanamide 
industry, celebrated his 60th birthday on May 30. He was born at Lodz and studied 
at the Polytechnic Institute of Charlottenburg (Berlin). For a period of time he 
worked as assistant to C. Liebermann and later to Pinner. At the beginning of the 
90’s of the last century he became a co-worker of the late Adolf Frank who became 
interested in Caro on account of his studies of the various methods of fixing nitrogen. 
The climax of their work was the well-known calcium cyanamide synthesis. Caro is 
a founder of one of the most important chemical industries. In 1930 he was elected 
president of the International Calcium Cyanamide Syndicate. LS 

Henry Cavendish (1731-1810). Nature, 128, 608-9 (Oct. 10, 1931).—The bicente- 
nary of the birth of Cavendish has again called attention to this most unique and 
remarkable scientist, who in person ‘“‘was a man shy, reserved, and taciturn.” His 
biographer, Wilson, speaks of him: ‘‘An intellectual head thinking, a pair of wonder- 
fully acute eyes observing, and a pair of skilful hands experimenting and recording 
are all that I realize in reading his memorials.” 

Cavendish occupied himself with almost all branches of physical science. He 
proved the elementary nature of hydrogen, showed that water was a compound of 
hydrogen.and oxygen, and discovered the composition of nitric acid. He must have 
isolated argon, though his observations were not properly explained until the later 
work of Rayleigh and Ramsay in 1894. 

A study of his papers issued in 1921 shows that Cavendish “had made electrical 
condensers and had measured their capacity and had completed an inquiry amounting 
to an anticipation of Ohm’s law.” 

In geophysics Cavendish determined the density of the earth; and his entire life 
seemed to be given to scientific work which unfortunately in very many cases he failed 
to publish. Thus much of the controversy on the composition of water would have 
been avoided had Cavendish acted on Faraday’s advice to investigators ‘‘to work, 
finish, publish.” FB. Ds: 

Faraday. Epit. Gen. Elec. Rev., 34, 497-503 (Sept., 1931).—This article con- 
tains much of human interest and presents an intimate and personal view of Faraday. 
Some of Faraday’s contacts with Rumford, Davy, and Young are related. H. T. B. 

Michael Faraday, the man. H. W. Bioop-Ryan. Chem. News, 143, 177-80 
(Sept. 18, 1931).—This is a short account of Faraday as a man, giving some impressions 
of his character and work. ES. DD: 

Faraday’s contributions to chemistry. L. C. Newey. Chem. Age, 25, 241-2 
(Sept. 19, 1931); cf. J. Cuem. Epuc., 8, 1493-522 (Aug., 1931)—Among the funda- 
mental contributions to chemistry made by Faraday were: discovery of benzene, the 
liquefaction of gases, preparation of optical glass, preparation of alloys of steel. Be- 
sides these he made epoch-making discoveries in electricity and in ee 


Faraday’s researches in electrochemistry. A. MARSHALL. Chem. e pal 50, 
749-50 (Sept. 11, 1931).—Faraday, when twenty-one years of age, was employed as a 
bookbinder. He attended a lecture on electrochemistry given by Sir Humphry Davy. 
He took notes on the lecture, carefully wrote them.up, bound them in book form, and 
submitted the outline to Davy with request for a laboratory position. This was given 
to him the following year. 

The article contains a very brief summary of the electrochemical experiments 
which led to the recognition of Faraday as a scientist. E. R. W. 

Faraday and the theory of electrolytic conduction. H. HARTLEY. Chem. Age, 25,. 
263-5 (Sept. 26, 1931).—Extracts from the presidential address given to the Chemistry 
Section of the British Association on the Centenary of Michael Faraday’s discovery of electro- 
magnetic induction. A survey of non-aqueous solutions reveals a much more complex 
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situation than we were led to expect by the study of dilute aqueous solutions. Solva- 
tion, association of solute molecules, and viscosity of solvent, are only . few of the 
many phenomena which need to be explained. R. W. 

Faraday’s views on passivity in the light of recent research. E. S. eee Chem. 
& Ind., 50, 750-1 (Sept. 11, 1931).—Faraday laid the basis for the protective oxide 
layer theory of passivity almost one hundred years ago, following observations on the 
action of nitric acid on the surface of iron. E. 

The Faraday centenary. E.THomSoN. Gen. Elec. Rev., 34, 504-6 (Sept., 1931). 
The centennial anniversary of Faraday’s discovery of the relation of magnetism and 
electricity was celebrated in London in September. Faraday was a prolific worker, 
keen observer, and careful and critical in recording his results in his notebook. With 
this discovery, the modern generator and transformer were potentially born. — 
of the names and terms in use today are due to Faraday. Her. 

Faraday centenary exhibition. Nature, 128, 564-7 (Oct. 3, 1931).—This cxhibit 
which is in the Albert Hall was formally opened by the Right Hon. J. C. Smuts on 
September 22. In the center of the Hall is a replica of Foley’s statue of Faraday 
in the Royal Institution, and around this are grouped some of Faraday’s apparatus, 
notebooks, manuscripts, etc. From this platform radiate eight avenues between 
which, in three concentric circles, are arranged twenty-four stands, the inner eight of 
which illustrate Faraday’s various researches, while the rest are devoted to branches 
of industry and science which owe so much to his fundamental work. The chemical 
exhibits resulting from his work are illustrated by special alloy steels, glass, dyestuff 
industries, etc. 

Faraday’s laboratory was in the stone-floored basement of the Royal Institution. 
A reproduction of this laboratory has been made and one can see now a very accurate 
representation of the room in which Faraday made his discoveries. B. D. 

Prof. Dr. Andreas Smits. J. M. Biyvort. Chem. Weekblad, 28, 555-9 (Oct. 3, 
1931).—This article and the one cited directly below are an appreciation of the twenty- 
five years of university teaching of Professor Smits and of his physical-chemical re- 
searches in the fields of phase law, allotropy, crystal structure, etc. A long 53a 
of the publications of Dr. Smits is included. Portrait. 

Personal reminiscences of Dr. Smits. F.E.C. ScHEFFER. Chem. Weeblad, 28, 
560-6 (Oct. 3, 1931).—See article cited directly above. 

Science in the city of London. E. C. Smitu. Nature, 128, 515-7 tana 26, 
1931).—The author gives a brief sketch of many of the scientists who have resided in 
London from the sixteenth century to the present. While most of the names mentioned 
are in other fields, the following are associated with chemistry: Hooke, Priestley, 
Cavendish, Davy, Faraday, Graham, and finally Kekulé, who in 1885 when a young 
man of twenty-six was assistant to Stenhouse. According to tradition it was on a Lon- 
don omnibus that Kekulé had the dream which led to the chain formula for benzene. 

Fe BaD. 


Pharmaceutical discoveries. Epir. Am. J. Pharm., 103, 489-91 (Sept., 1931).— 
A review of the progress of science reveals that many famous discoveries have come 
from the hand of the pharmacist. One of the greatest discoveries was that of mor- 
phine. Morphine was discovered by the apothecary, Serturner, in his shop in 1815. 
This discovery paved the way for codeine, quinine, strychnine, and other similar drugs. 
Codeine was discovered by a pharmacist, Robiquet. A French pharmacist, Courtois, 
discovered iodine. Scheele was an outstanding pharmacist. An important milestone 
in chemistry is the work of Woéhler, who showed in 1828 that organic materials could 
be made from inorganic substances. There is evidence to prove that Henry Hennel 
preceded Wohler by two years in a discovery of this kind. Colloid chemistry has been 
in a large measure based on the discoveries of a Cincinnati pharmacist, John Uri Lloyd. 
The use of accessory substances, such as barium and bismuth salts, in X-ray practice 
is said to have originated with M. Wilbert, an apothecary to the German Hospital, 
Philadelphia. Today the pharmacist is equipped with modern apparatus in the labora- 
tory. He himself must be a well-trained man not only in pharmacy but in chemistry 
and botany and allied branches. G.. o. 
A Chinese prototype of the Bunsen burner. E. Czax6. Z. angew. Chem., 44, 
262 (Apr. 4, 1931).—The suggestion to avoid the precipitation of smoke by introducing 
air into the burner was made by Faraday, thirty years before Bunsen. A still earlier 
model of the Bunsen burner or the Faraday principle is an ancient Chinese arrange- 
. ment for burning natural gas which was discovered by the author when studying the 
earliest uses of natural gas in hitherto unknown reports of French missionaries. (See 
E. Czax6, “A Chinese Prototype of the Bunsen Burner,” Chem.-Zig., 1919, 94.) 
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In 1828 the Catholic missionary Imbert made a report on the oil, gas, and salt 
springs of the province Sz’-tschwan near Tze-liu-tsin where by means of a very ancient 
and crude method combustible gas is obtained and conducted through bamboo pipe 
lines to the distant salt springs of Kia- -ting-fu which are many miles away and where 
this gas is burned through clay mouth pieces located under the salt pans and also used 

for illuminating purposes. According to the 


opinion of the Chinese this gas is nothing but 
if the ‘‘fire of hell.’”’ It is “foul smelling and yields 
a black and thick smoke.” The illustration 
fi shown was found by the author in a report by 


the missionary Codre [‘‘Les salines et les puits 
de feu de la province de Se-tchoan,’”’ Ann, 
Mines (8) 19, 441-528 (1891)]. This illustration 
made from a Chinese drawing shows the end of 
the bamboo pipe line through which the gas is 
conducted into a conical clay vessel. Air is 
rushed in through the large opening and the 
mixture is lighted at the top. The flame is ex- 
tinguished by means of a stone plate with which 
the upper opening can be covered. All the es- 
sential characteristics of the Bunsen burner are 
clearly recognizable except the arrangement for shutting off the air current for which 
the Chinese had no need. The only purpose was to get rid of the smoke. L. S. 
A small contribution to the history of crystallization. E. O. von LIppMANN. 
Chem.-Ztg., 52, 257 (Apr. 4, 1931).—In 1797 Alexander von Humboldt stated the follow- 
ing fact in his newly published book entitled “‘Experiments with Irritated Muscle and 
Nerve Fibres.’”’ When salts of various kinds are dissolved in a solvent and a solid 
crystal is placed in the solution then particles homogeneous to this solid will separate 
quickly in well-crystallized form. This discovery made by Lowitz, the correctness 
of which had been doubted by many people, has lately (1796) been found to be cor- 
rect by the investigations of the very exact and famous analyst, Gottling. I. I. Lowitz 
(born in Géttingen in 1757, died at Petrograd in 1804), the discoverer of this fact, 
who was the director of the imperial pharmacy in Russia, observed the purifying ac- 
tion of charcoal on impurities in grain spirits, water, crude saltpeter, and other im- 
pure salts. By the use of charcoal he succeeded in 1792 in isolating the sugar of honey 
(glucase) in the form of well-shaped crystals. Following this work he conducted a 
number of investigations on the crystallization of salts. 
Géttling was a protégé and chemical advisor of the German poet Goethe. L. S. 


THE PHILOSOPHY OF SCIENCE 


The future man of science. G. W. Stewart. Sigma Xi Quart., 19, 88-91 (Sept., 
1931).—Science has won public favor because of tangible results fairly secured, and will 
have much to do with men’s thinking in the future. The men of science will have the 
responsibility for shaping the thought of men concerning life in both its emotional 
and intellectual aspects. They must impress the world with the fact that science does 
not obtain absolute truth, but that its “laws” are approximations. They must recog- 
nize the value of, and encourage the humanities. They must guard against state- 
ments based on inadequate findings, and be more basic in their views. H. T. B. 


FOREIGN CHEMICAL AND EDUCATIONAL CONDITIONS 


Statistical data concerning German chemists, 1925. Chem.-Zitg., 55, 510 (July 4, 
1931).—In 1925 there were 10,574 chemists including 922 women (8.7%) in Germany. 
They can be classified as follows: chemical industry: 6019 (56.9%); instruction: 
684 (6.5%); iron industry: 311 (2.9%); sugar industry: 244 (2.3%); electrotechnical 
industry; 236 (2.2%); metal mines: 211 (2.0%); administration: 204 (1.9%); ma- 
chine plants: 178 (1.7%); commerce: 157 (1.5%); salt mines: 145 (1.4%); textile 
industry: 115 (1.1%); other branches: 2070 (19.6%). Of the women chemists, 461 
were working in the chemical industry. About 1000 chemists were in leading positions 
(directors, business managers, etc.). Geographically the chemists were distributed as 
follows: Rhine Province: 1484 (14.0%); Berlin: 1483 (14.0%); Bavaria: 1040 
(9.8%); Hessen-Nassau: 946 (9.0%); Saxonia: 772 (7.3%); Baden: 564 (5.3%); 
Hannover: 486 (4.6%); Hessen: 414 (3.9%); Westfalen: 398 (3.8%); Wiirttem- 
berg: 364 (3.5%); Hamburg: 262 (2.5%); Anhalt: 245 (2.3%); other parts: 1372 
(13.0%). More than half of the German chemists lived in large cities. According 
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to age they can be arranged as follows: under 25 years: 1176 (11.1%); 25-30 years: 
2419 (22.9%); 30-40 years: 3098 (29.3%); 40-50 years: 2218 (21.0%); 50-60 years: 
1190 (11.2%); over 60 years: 473 (4.5%). More than half of the women chemists 
were under 30 years of age. 3584 (37.1%) of the men and 842 (91.4%) of the women 
were single. 5858 (60.7%) of the men and 57 (6.2%) of the women were married. 
211 (2.2%) of the men and 22 (2.4%) of the women were widowed or divorced. L. S. 


GENERAL 


Hum and bug. A. B. Nicuoras. Am. J. Pharm., 103, 4380-67 (Aug., 1931).— 
Hum, to deceive; bug, a specter, ghost, or apparition, hence humbug. Deceit has been 
on the earth as far back as history goes. The all-believing public, then and now, are 
only too easily humbugged by exaggerated claims, such as ‘‘absolutely harmless,’ ‘‘con- 
tains no drugs,” “‘endorsed by leading doctors,” ‘‘brain food,” etc. In a clever and 
humorous way, but also in a serious vein, the author exposes various “‘patent”’ medicines 
and devices and their methods and results. Methods of advertising, testimonial letters, 
and testimonial bureaus each receive their share of criticism. The fat cures, hair 
restorers, and cold remedies open up an enormous field of material. G. O. 

When drugs were dregs. Am. J. Pharm., 103, 468-73 (Aug., 1931).—This cap- 
tion was designed to convey the idea that once upon a time drugs were dregs in the 
“nasty, left-over, worthless, garbagy meaning of the word dregs.” In the “‘bad old 
days” there were all sorts of menageric mixtures used in the practice of medicine. For 
example, for marsh ague take the hairs pulled out of a red-headed youth, roast them in 
an egg, and cast them to birds. Of course there are zodlogic mixtures still in medicine: 
pepsin from the pig, insulin from calves, ovarian extract from the sow, and glandular 
hormones of many farmyard denizens, but these are standardized to every possible 
degree. The real purpose of the paper is to call attention to the real need of research 
in the rather commonplace drugs of those bad old days. There is a myriad of other 
plant antidotes waiting appraisal besides Peruvian bark and chaulmoogra oil. G. O. 


Vitamin advertising may mislead public, says chemist. Half-truths in the adver- 
tising of vitamin content of foods are very likely to mislead the public, Prof. H. C. Sher- 
man, of Columbia University, authority on vitamins, warned in an address before the 
Association of Official Agricultural Chemists meeting recently in Washington. 

So-called ‘‘vitamin-rich”’ foods, said Prof. Sherman, may actually be grossly lacking 
in the vitamins A, C, and G, necessary to maintaining a buoyant state of health, though 
containing enough of vitamins B, E, and D. Official chemists, he said, must tackle the 
problem of measuring the amount of each and all of these six or more chemically dif- 
ferent substances in foodstuffs if they are to guard properly the nation’s food supply. 

Commercial irradiation of foods with ultra-violet light, so widely advertised, in- 
creases only the vitamin D amount, and is where ‘‘we are most likely to meet the prob- 
lem of what constitutes proper advertising of vitamin value in food,’’ said Prof. Sherman. 

Milk to which irradiated yeast rich in vitamin D has been added, he said, may prop- 
erly be advertised as superior in its vitamin value, as milk itself is at all times a good 
source of all the other known vitamins. But this is not true of a food which is deficient 
in several of the vitamins. 

Enough of a vitamin merely to prevent disease, Prof. Sherman continued, is not a 
satisfactory standard for the American people. 

He said: ‘We must conclude that of vitamins A, C, and G we need, in order to do 
our best, amounts severalfold larger than are needed to prevent the characteristic signs 
of deficiency or even to support fully normal growth. We want our people to have 
not merely enough to escape actual deficiency, but enough to enable them to do their 
best.” 

Hidden substitutes for milk or egg fat in manufactured food and imitation fruit 
juices were among the preparations mentioned by Dr. Sherman as preventing the attain- 


' ment of optimum vitamin content in the American diet. The optimal amount is far 


above the minimal amount.—Science Service 
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THE NEW CHEMICAL LABORATORY AT THE UNIVERSITY OF TEXAS 


W. A. FEtsinc, AusTIN, TEXAS 


In the spring of 1925 the Board of Re- 
gents of the University of Texas authorized 
the preparation of plans for a new chemical 
laboratory to replace a 60’ X 60’ two-story 
brick structure and six one-story wooden 
shacks of assorted sizes. After these plans 
were completed by the university archi- 
tects* and the author, the money for its 
construction was not available, and it was 
not until November 23, 1929, that the con- 
tract for the building was officially 
awarded.** The building, as pictured, 
was opened for classes in the fall. Its 
including all equipment, such 
as desks, office furnishings, etc., was 
$840,000. The total area, exclusive of the 
spacious attic, is 106,000 square feet. The 
attic contains a distilled water room, a 
hydrogen sulfide room, 46 exhaust fans, 
and the numerous ducts, pipes, etc., neces- 
sary for the proper distribution of exhaust, 
steam, water, and hydrogen sulfide. 


cost, 


Structural Features 


The building has four stories, including 
an attic, a storage basement, and large ser- 
vice pipe tunnels 12 feet wide, 61/2 feet 
high, running underneath the ground-floor 
corridors. There are five entrances, one on 
the north, two on the south, and one each 
on the west and east. There are also two 
entrances from the outside into the main 
lecture room, which allow the big classes to 
’ come and go without entering the rest of 





* Architects: HERBERT M. GREENE, 
LAROCHE, AND DAHL, Dallas, Texas. 

** General Contractor: J. E. MorGAN, 
El Paso, Texas. Plumbing and Heating: 
YounG AND PRATT, Lubbock, Texas. 
Laboratory Equipment: W. H. K1mMBatv 
Company, Chicago, Illinois. Library 
‘Equipment: SNEAD AND COMPANY, 
Jersey City, New Jersey. 





the building. Three stairways lead from 
the ground floor to all other floors. 

The building is designed in the shape of 
an E, with the prongs of the E extending 
to the south (see accompanying floor 
plans). This shape is important in this 
climate, since such a building catches the 
prevailing Gulf breezes of the summer. 
The two main prongs of the E are built 
with corridors complete to the end to allow 
for future extension without any undue 
alteration; the center prong contains the 
large lecture auditorium and the chemistry 
library. 

The building is 300 feet long and 70 feet 
wide, with the prongs of the E extending 
out 25 feet past the main width. The two 
end prongs are 70 feet wide, while the cen- 
ter prong is only 54 feet wide. The ceilings 
are high: it is 15 feet from the top of one 
floor slab to the top of the next. The floors 
are of beam and slab (6”) construction. 

The formation of the roof, a character- 
istic feature of all University of Texas 
buildings, forces all hood installations to be 
made on the corridor side of rooms, the 
walls there carrying the ceramic ducts. 

The building accommodates this semes- 
ter, on the three-semester-hour course 
basis, 910 in general and descriptive 
chemistry; 183 in quantitative; 40 in 
qualitative; 240 in organic; 69 in pharma- 
ceutical and physiological; 108 in physical; 
47 in chemical engineering; and 96 in 
graduate courses and research. 

There are eight lecture and drill rooms 
in the building, one accommodating 253, 
one 125, and the rest between 50 and 60 
each. There are 20 offices for professors, 
instructors, and tutors. 

The laboratory space of the east half of 
the ground floor is devoted to chemical 
engineering and the shops, and the west 
half to pharmacy and pharmaceutical 
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chemistry; the east half of the first floor is 
devoted to physical chemistry, and the 
west half to quantitative; the entire sec- 
ond floor is devoted to organic and quali- 
tative, and the entire third floor to general 
chemistry. 
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Special Features 


Structural. The building is a reinforced 
concrete pier, beam, and slab building, in- 
cluding even a concrete roof. The outer 
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walls, which bear only their own weight, 
are built of native Cordova cream lime. 
stone for the ground story up to the belt 
line, and a blend of cream and tan natiye 
brick for the other stories. A_ smal] 
amount of terra cotta, too, is employed in 
certain decorative features. Mottled red 
and cream tile cover the concrete roof, 
Adorning the top story in large plaques are 
the names of 24 deceased chemists of 
prominence, one name to a panel. All in- 
terior walls and partitions are built of hol- 
low tile, plastered, and painted with lead- 
free paint. The ceilings are painted con- 
crete; a special smooth concrete finish was 
obtained by tongue-and-groove forming. 

The undergraduate laboratories are all 
of the same size: 38’ & 25/2’, capable of 
taking care of 32 students at one time 
(under the supervision of one instructor), 
The research laboratories differ in size to 
meet certain specified types of research. 

Stock and Distribution of Supplies. The 
stock room is located in the basement un- 
derneath a portion of the ground floor and 
the lecture auditorium. There, also, is 
located an alcohol vault. This stock room 
is connected by elevator to the distribution 
room on each floor, from which the stu- 
dents are supplied with materials. Each 
distribution room contains a key cabinet 
carrying the keys for all desk lockers on 
that floor. Adjacent to and ‘connecting 
with the first-floor distribution room is the 
curator’s office, which also contains a 
spacious vault for the storage of platinum 
and other specially valuable pieces of 
equipment not in use. 

Ventilation. The general ventilation of 
the laboratories, in addition to the usual 
Browne window ventilation, is carried out 
by means of hoods located on the corridor 
sides of the laboratories. The amount of 
air drawn out of the laboratories, pri- 
marily from the hallways, is sufficient to 
change the air in each laboratory every 15 
minutes. 

The hoods are of the open type, gener- 
ally known as the Cornell type, after which 
they are patterned. The ventilation ducts 
in the walls are rectangular ceramic chim- 
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ney tile, set in concrete mortar. From the 
top of these ceramic ducts in the attic to 
the exhaust fans and from the fans to the 
louvres, the ducts are circular and are 
made of terne plate, covered both inside 
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and out with high-melting Texaco asphalt. 
These ducts are made of 8-foot flanged sec- 
tions, which can be taken down for repair 
or replacement. The exhaust fans, 46 in 
number and varying in size, are controlled 
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by remote control switches located on the 
front of the hood and they carry a red 
signal light to indicate that the fan js 
running. 

Plumbing. All sinks are of alberene 
stone. The waste lines are double extra- 
heavy cast iron. All the main service lines 
(steam, air, water, gas, waste) are carried 
vertically in open risers, and horizontally 
along the outer wall below the windows. 
The risers connect to the main lines in the 
pipe tunnels underneath the building. 
Each pipe riser is valved, each lateral run 
is valved, and each desk is valved. The 
minimum of interference is thus antici- 
pated when repairs need to be made. No 
pipe is hidden and all can be removed 
without interfering with any other pipe. 

The steam pipe is covered, even on 
desks, and is painted. All piping is painted 
with aluminum bronze paint. 

Hot water is furnished to the toilets and 
the two showers. Circulating ice water 
from an automatic refrigerating system is 
available at two fountains on each floor. 

Laboratory Equipment. Laboratory 
desks, of the double free-standing type, 
are 17 feet long, 54 inches wide, and 37!/ 
inches high; wall desks are 17 feet X 30 
inches X 371/, inches. Each student has 
a working space of 51 inches X 24 inches, 
irrespective of the nature of the course. 
Research students are usually given space 
in multiples of this unit working space. 

The desk tops are of alberene stone as 
are the reagent and service pipe racks. 
Each desk is furnished with gas, air, 
steam, water, drain, and p. c. and A. ¢. cur- 
rent. A sink is provided at the end, into 
which empties the lead-lined trough ex- 
tending the length of the desk. Each 
student has available a water suction 
pump and a nozzle for cooling water for 
distillation.. Distilled water is furnished to 
each laboratory through block-tin pipes 
coming from the reservoir in the attic. 
Each hood contains six hydrogen sulfide 
openings with specially designed ‘‘fool- 
proof” cut-offs; this gas is led in lead pipe 
from the gasometers in the attic to the 
hoods; cylinder hydrogen sulfide is used 
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exclusively, though Parson generators are 
installed for emergencies. 

On each side of the hood are shelves for 
reagents, shelves for platform balances, 
and shelves for electric and gas ovens. 

In the physical chemistry laboratories 
the usual super-structure is missing on 
desks. Built-in thermostats of alberene 
stone aid in the general conduct of the 
usual laboratory work. 

Electrical Features. Each double labo- 
ratory desk is equipped with eight (8) 
110-volt A.c. outlets, capable of carrying 20 
amperes at each outlet simultaneously. 
At the end of each desk there are found two 
p.c. outlets, through which pD. c. generator 
current at 30 or 110 volts can be supplied. 
Each laboratory carries its own control 
panel. In the large chemical engineering 
laboratory and the smaller ones adjacent 
to it 220-volt A. c. is available at many 
stations, so that special investigational 
problems may be carried out. In the 
physical chemistry laboratories, both un- 
dergraduate and graduate, are found, in 
addition to the usual electrical outlets, the 
p. c. battery outlets. D.c. current is sup- 
plied to these circuits, in steps of 2 volts, 
from the storage battery room through the 
large special switchboard, supplied by the 
Electric Time Clock Co. of Springfield, 
Mass. 

The Lecture Room. The larger lecture- 
room desks are equipped to control every 
activity. In and on the sides of the lecture 
desk are found openings for gas, water, air, 
oxygen, and carbon dioxide. A built-in 
sink, covered with a Monel metal grating, 
serves both as a sink and as a hood for 
fumes. The exhaust fan for this hood is 
controlled from the desk. A. c. current 

and battery and generator D. c. current 
outlets are available; the control switch 
for the window-darkening device is also 
conveniently located on the lecture desk. 
Every light in the room is controlled, 
either separately or as a whole, by a set of 
switches out of sight of the students. A 
signalling circuit to the operator in the 


‘picture booth provides better coéperation 
. between the lecturer and the operator. 
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Movable and illuminated blackboards 
are conveniently located; a roller shade, 
carrying the periodic classification, hides 
the silver screen when not in use, and a 
proper acoustical treatment makes lectur- 
ing in this room a pleasure. 


The Library 


The library is located in the central 
prong of the E, above the lecture audi- 
torium. It consists of a large reading 
room and two two-story stack rooms. The 
reading room, with 9 windows, is beauti- 
fully decorated and acoustically treated 
for quiet. This room is 50 feet X 24 feet 
and has 17-foot ceilings. It is equipped 
with the usual library tables and chairs, a 
small librarian’s charging desk, and a 
reference or handbook desk. The space 
between windows is given over to shelving 
carrying large reference sets as well as 
the current numbers of journals. 

The stack space is more than 100% 
greater than the present need, and future 
expansion to the extent of about 600% can 
be accomplished by the removal of some 
temporary walls. 

The library now contains about 6000 
volumes, and is a very complete working 
library. There are about 66 journal sets 
on the shelves. 

The library is named the ‘Mallet Li- 
brary,” in honor of Dr. J. W. MALLET, the 
first professor of chemistry at the Univer- 
sity of Texas and the first chairman of its 
faculty. 


NOBEL CHEMISTRY AND MEDICINE 
AWARDS FOR 1931 TO BERGIUS, 
BOSCH, AND WARBURG 


The Swedish Academy of Science 
has awarded the 1931 Nobel Prize in 
chemistry to Dr. Friepricuo C. R. 
Bercius and Dr. Caru Boscu of Heidel- 
berg, for their outstanding achievements in 
industrial synthetic chemistry. 

Dr. Bergius and Dr. Bosch are two of 
the world’s foremost practitioners of the 
magic of industrial science. Dr. Bergius 
has for many years performed marvels in 
the transformation of coal, changing it 
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into motor fuel, lubricating oils, methanol 
(formerly known as ‘‘wood’’ alcohol), and 
He has developed a 
scientific theory on the things that must 


other substances. 














Science Service 
FRIEDRICH BERGIUS 


have happened to the plants of long ago to 
turn them into coal; and his latest feat 
has been to indicate the possibility of 
making sugar out of wood on an industrial 
scale for the manufacture of alcohol. A 
firm for the commercial exploitation of 
this process is already in existence. 

Dr. Bosch, sharer of the prize, and head 
of the huge German chemical manufactur- 








Underwood & Underwood 
Cari Bosc 


ing firm, the I. G. Farbenindustrie, has 
specialized in the building up of cheap 
nitrogen into more valuable products, as 
his associate has worked on the building 
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up of cheap carbon. Dr. Bosch’s great 
achievement has been the perfection of a 
practical method for catching nitrogen 
from the air so that it can be combined 
with hydrogen to make ammonia by the 
Haber process. This in turn is used in the 
manufacture of fertilizers. Thanks to 
this process, blockaded Germany literally 
lived on air to a considerable extent during 
the war, and even captured from the 
atmosphere an indispensable ingredient 
for smokeless powder, TNT, and other 
explosives. 

Dr. Bergius was born in 1884 near 
Breslau, and studied at the Universities 
of Breslau, Leipzig, and Berlin and the 
Technical University of Karlsruhe. Dr. 





Underwood & Underwood 
Otto WARBURG 


Bosch was born in 1874 in Cologne, 
and studied at Cologne, Charlottenburg, 
and Leipzig. 

Cancer, biological physics, and the 
respiratory function of the blood are the 
three chief subjects of research by PRoOFES- 
sor OTTO WARBURG of the Kaiser Wilhelm 
Institute for Biology, Berlin, who has just 
been awarded the Nobel Prize in medicine 
for 1931. Professor Warburg has made 
very important contributions in all three 
of ‘these fields. Most attention has 
probably been attracted by his work on 
cancer. 

He showed that cancer cells have quite a 
different metabolism from ordinary tissue 
cells. They can get all the energy they 
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News Edition, Ind. & Eng. Chem. 


MEDALLION PRESENTED TO Sir C. V. RAMAN BY THE SOUTH INDIAN SCIENCE Asso- 
CIATION IN COMMEMORATION OF His WINNING THE NOBEL PRIZE IN Puysics (1930) For 
THE DISCOVERY OF THE RAMAN EFFECT, First ANNOUNCED TO THE WORLD UNDER THE 
AuspIces oF THIS ASSOCIATION. THE FACE OF THE MEDALLION SHOWS RAMAN’S PRO- 
FILE IN THE HEART OF THE INDIAN PENINSULA, WHILE ON THE REVERSE IS ALFRED 


NoBEL’s SET IN SWEDEN 


need to live and grow and reproduce from 
the breaking down of sugar. Unlike 
other cells, they do not need oxygen but 
can live without it, much as some 
disease germs do. This does not mean 
that cancer is caused by germs, however. 
It is the suffocation of normal cells by lack 
of oxygen that gives the cancer cells a 
considerable advantage in the competition 
of growth, according to Professor 
Warburg’s views on the subject. 

Warburg also investigated the photo- 
chemistry of plant cells, that mysterious 
process by which the cells turn carbon 
dioxide and water into food in the presence 
of light. He measured very exactly the 
light absorbed by these green cells and 
compared it with the amount of carbon 
dioxide they used. He was then able to 
show a certain quantum relation between 
the two. This research was one of the 
first pieces of work in which biological 
physics was compared with the quantum 
theory. ; 

Other work of Professor Warburg’s was 
in the field of blood chemistry. He 
demonstrated the constitution and action 
of the ferment in the blood which controls 
the conveyance of the oxygen of the air 


from the lungs to the muscles and other 
tissues of the body. This substance, 
called the respiration ferment, was subse- 
quently made in the laboratory by 
PROFESSOR HANS FISCHER of Munich— 
Science Service 


ORGANIC SYMPOSIUM AT YALE, 
DECEMBER 28-30, 1931 


The fourth national Organic Chem- 
istry Symposium will be held in the 
Sterling Chemistry Laboratory of Yale 
University, New Haven, Connecticut, 
from Monday, December 28, “through 
Wednesday, December 30, 1931. 

The three previous symposia were 
extraordinarily successful, not only from 
the standpoint of the scientific papers 
presented, but also because of the ex- 
ceptional opportunities they offered for 
the exchange of ideas among the organic 
chemists. It is an opportunity which 
comes only biennially. 

An informal social and discussional 
period in the Sterling Chemistry Labo- 
ratory will follow the evening programs 
on Monday and Tuesday. The following 
program has been arranged: 
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Monday, December 28 


9:00 a.m. Registration in the Sterling 
Chemistry Laboratory, 225 Prospect 
Street. 

10:45 a.m. Sterling Chemistry Labora- 
tory, Room 110. Address of Wel- 
come. 

11:00 a.m. Marston T. BoGert. ‘‘Re- 
cent Progress in the Synthesis of 
Compounds Related to Isoprene.” 
(Review Paper.) 

12:00 Noon. Luncheon. 

2:00 p.m. W. H. Caroruers. ‘Some 
Reactions of Vinylacetylene and the 
Synthetic Rubber Problem.” 

:00 p.M. THOMAS MIDGLEY, JR. ‘“‘The 
Structural Formula of Ebonite De- 
rived from the Pyrolysis Products.” 

:00 p.m. C. S. Marve. ‘The Re- 
actions of Certain Polyines.”’ 

:00 p.m. P. A. Levene. ‘Chemical 
Structure and Optical Activity.” 
Sterling Chemistry Laboratory, Room 
110. 

9:00 p.m. Informal Discussional and So- 
cial Hour. Sterling Chemistry Labo- 
ratory. 


ee) 


_ 


x 


Tuesday, December 29 


‘9:00 a.m. H. T. CLARKE. ‘Recent Ad- 
vances in Biochemistry.” (Review 
Paper.) 

10:00 A.M. JAMES B. CONANT. “The 


Molecular Structure of Chlorophyll.’ 
11:00 a.m. C.S. Hupson. ‘Some Novel 
Substances of the Sugar Group.”’ 
12:15 p.m. Group Photograph on the 

Steps of the Sterling Chemistry 
Laboratory. 
2:30 p.M. RoGeR Apams. “The Stereo- 
chemistry of Substituted Diphenyls.”’ 
:30 p.m. Louis F. Freser. “Organic 
Oxidation-Reduction Potentials.” 


] 


wo 


4:30 p.m. TREAT B. JoHNSON. ‘Py- 
rimidine Glucosides.”’ 
8:00 p.m. Organic Experience Meeting, 


Sterling Chemistry Laboratory, Room 
110, followed by an informal dis- 
cussional and social hour. 
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Wednesday, December 30 


9:00 a.m. FRANK C. WHITMORE. “Ip. 
tramolecular Rearrangements.” 
10:00 A.M. JOHN R. JOHNSON. “Re. 
arrangements in Certain Triad Sys. 

tems.” 

11:00 A.M. HOMER ADKINS. “The Hy. 
drogenation of Esters and Other 
Compounds over Copper-Chromium 
Oxide Catalysts.” 

2:00 Noon. Luncheon. 

2:00 p.m. Henry GILMAN. ‘Some Re- 
cent Studies on Furfural and De- 
rivatives.”’ 

3:00 p.m. R.C. Fuson. ‘Ring Closures 
of Certain 1,4-Dihalogen Compounds, 


Organic Experience Meeting 


Once again an evening will be set aside 
during the Organic Symposium for the 
express purpose of giving the attending 
chemists an opportunity to talk shop. 
The highly informal conference on the 
practice, rather than the theory, of the 
organic research worker has met with such 
cordial response that it will be included 
in the program for the third time. This 
year the Experience Meeting will be held 
on the evening of Tuesday, December 29. 
The general idea of the conference is to 
provide for the informal discussion of 
laboratory experiences and_ practices. 
The meeting thus serves as a clearing 
house for the exchange of information 
and of views concerning laboratory 
methods and apparatus. 

As an added attraction, the meeting 
this year will include a few short demon- 
strations of the latest methods of carrying 
out standard reactions as well as of the 
use of special or novel technic. The 
tentative list thus includes such topics 
as the use of liquid ammonia as solvent, 
the atomic still, solid carbon dioxide for 
condensation, the Grignard reaction, prepa- 
rations in the absence of oxygen. The 
demonstrations will be given by experts 
in the various fields. 


There will be an exhibit at the Expe- 
rience Meeting of special prices of appa- 
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ratus. Contributions to this exhibition 
are invited. 

The executive committee for the 
symposium is composed of HomER Ap- 
kins, Chairman; ARTHUR J. HILL, Sec- 
rary; JAMES B. CoNANT, Howarp J. 
Lucas, and J. R. Bartey. L. F. Fieser, 
Chairman, ReryNotp C. Fuson, and 
G. R. Burns are the committee in charge 
of the organic experience meeting. 


PIERRE AND JENNY RECEIVE THE 
1931 CHILEAN NITRATE OF SODA 
NITROGEN RESEARCH AWARD 


The Educational Bureau of the Chilean 
Nitrate Company set aside this year 
the sum of $1000 for their Nitrogen 
Research Award. This award has as its 
object the recognition and encouragement 
of research on any of the diverse aspects 
of the réle of nitrogen in economic crop 
production. It is administered by a 
standing committee of the American 
Society of Agronomy. The 1931 award 
was divided equally between Dr. W. H. 
PrerRE of the department of agronomy 
of the University of West Virginia and 
Dr. HANS JENNY of the department of 
soils of the University of Missouri. 

The award to Dr. Pierre was made in 
recognition of his work on the effect 
of the various nitrogenous fertilizers on 
soil reaction. His work has clearly 
shown that the continued use of (NH,)2- 
SO, on light, poorly buffered soils will 
develop within a few years a degree of 
acidity which is distinctly harmful to 
many crops. Similar effects are not 
obtained with the other common nitrogen 
fertilizers. By supplementing (NH4)2SO, 
with sufficient lime satisfactory results 
may be obtained. 

The award to Dr. Jenny was made in 
recognition of his work on the effect of 
climate on the nitrogen content of soils. 
By a careful correlation of climatic 
data and of the thousands of nitrogen 
determinations made on the soils of 
America, Dr. Jenny has been able to 
develop an equation of state which shows 
the general relationship existing between 
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the stable nitrogen content of soils and 
temperature and rainfall, which are the 
principal climatic factors affecting it. 

The awards were announced at the 
annual banquet of the American Society 
of Agronomy held in Chicago on No- 
vember 19. 


THE J. T. BAKER CHEMICAL COM- 
PANY FELLOWSHIPS IN ANALYTI- 
CAL CHEMISTRY, 1931-32 


Eastern Division 


The J. T. Baker Chemical Co. Eastern 
Fellowship for Research in Analytical 
Chemistry with a stipend of $1000 will 
be awarded to an advanced student in 
analytical chemistry for study in an 
institution conferring the doctor’s degree 
in chemistry in the New England States, 
New York, Pennsylvania, New Jersey, 
Delaware, or Maryland. Candidates must 
have a bachelor’s degree or its equivalent 
and a broad training in organic, inorganic, 
physical and analytical chemistry. Appli- 
cations should be made on or before 
February 15, 1932, to the chairman of 
the committee, and should include the 
following: (a) age; (6) degrees; (c) 
previous training in chemistry; (d) 
outline of proposed problem; (e) name of 
person under whose direction work is 
to be done. Several letters of recom- 
mendation are desirable. Consideration 
of application will be facilitated if five 
copies of all documents are sent. 
Committee: N. HowELL FurRMAN, Prince- 

ton University, Chairman 
Puitip E. BROWNING, Yale 
University, Secretary 
GREGORY P. BAXTER, Har- 
vard University 
E. M. Cuamor, Cornell Uni- 
versity 
H. A. Fares, Columbia Uni- 
versity 


Mid-Western Division 
1. This fellowship shall be known as the 
J. T. Baker Company Fellowship in 


Analytical Chemistry. 
2. The object of this fellowship is to 
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emphasize the need of fundamental 
research in inorganic analytical chemistry, 
particularly quantitative, as distinguished 
from routine application of established 
methods; to encourage such research and, 
in general, to develop reliable precise 
chemical measurement. 

3. This fellowship is limited to in- 
stitutions which grant the doctor’s degree 
in chemistry in the states of Illinois, 
Indiana, Iowa, Michigan, Minnesota, 
Ohio, and Wisconsin. 

4. The holder of this fellowship will 
receive $1000 annually. In addition it 
should be noted that nearly all the in- 
stitutions to which it is limited remit 
laboratory fees to the holders of such 
fellowships and many of them also remit 
tuition fees. This adds greatly to the 
value of such fellowships and it is hoped 
that all the institutions concerned will 
eventually see fit to remit all fees to the 
fellow. 

5. In awarding this fellowship pref- 
erence will be shown (a) to those insti- 
tutions which have a background of 
research in inorganic analytical chem- 
istry; (b) to projects sponsored by the 
division of analytical chemistry; (c) 
to candidates desiring to follow the teach- 
ing profession. 

The fellowship will not ordinarily be 
awarded to a given institution for two or 
more years in succession. 

6. An application for an award of this 
fellowship may be sent by any member of 
the teaching staff who is qualified in his 
institution for supervising a doctor’s 
dissertation. 

The application shall include (a2) an 
outline of the proposed problem, (bd) 
a sketch of the experimental evidence upon 
which the merits of the problem are 
based, (c) a statement of the qualifica- 
tions of the candidate. Applications 
must be sent before March 1 to the 
Chairman of the Committee. (Con- 
sideration of the applications will be 
facilitated if four copies are sent.) 

7. This fellowship will usually be 
awarded to students specializing in 
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analytical chemistry who have com. 
pleted all or nearly all of their course 
work and can devote practically their 
full time to the doctor’s dissertation. 

8. The fellowship may begin in the 
autumn or in the summer session. 

9. As soon as the research work carried 
out under this fellowship has been com- 
pleted, an account thereof shall be sent 
to the J. T. Baker Chemical Company, 
and the work shall be published within a 
reasonable time. 

10. Information on points not covered 
by the articles above may be obtained 
from the Committee. 

11. Applications for the coming aca- 
demic year should be made before Febru- 
ary 15 to the Chairman of the Committee, 


H. H. WiLiarp, Chairman, University of 
Michigan 

C. W. Fou.x, Ohio State University 

G. FREDERICK SMITH, Uuiversity of Illinois 

I. M. Koxrtuorr, University of Minnesota 


COMMEMORATIVE SERVICE FOR 
THE BRITISH ASSOCIATION CEN- 
TENARY 


The Dean and Chapter of Liverpool lose 
no occasion to make their great cathedral 
the scene of public commemoration, and 
the centenary meeting of the British 
Association for the Advancement of 
Science was celebrated there with a 
ceremony on Sunday, September 20, 1931, 
which will remain vivid in the minds of 
every one who assisted in it. It happens 
that this year’s Lord Mayor of Liverpool, 
ALDERMAN EDWIN THOMPSON, was one 
of the Association’s local secretaries for 
the meeting in Liverpool in 1923, and is 
the son of a local secretary of the meeting 
of 1896. He entertained the president 
and ptesident-elect of the Association at 
the Town Hall and conducted them in full 
state to the cathedral, where representa- 
tives of the University of Liverpool, the 
medical profession, and other public bodies, 
in academical robes, made a bright mass of 
color in the choir, and the nave was filled 
to the doors. The dean, with the two 
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presidents and other members of the 
Association, presented themselves before 
the Bishop at the junction of choir and 
nave, and the president-elect, GENERAL, 
THE Rt. Hon. J. C. Smuts, addressed him 
in the following words: 


Sir—Bid a Blessing on this congregation 
assembled to render thanks for the increase 
of knowledge by the devoted labors of men 
and women in many lands, and more 
especially for the British Association for 
the Advancement of Science. This body 
was established a hundred years ago to 
give more systematic direction to scientific 
inquiry, to promote intercourse between 
those who cultivate science in different 
parts of the British Empire with one 
another and with philosophers of other 
countries, to direct the general attention 
to the objects of science, and to remove 
disadvantages of a public kind which 
impede its progress. The Spirit of God 
has used it to interpret the process of 
Nature and the doings of man, and by 
unrestricted interchange of observations, 
projects, and beliefs, the outlook of the 
nations on the world in which they live has 
been transformed. Vain fears and anxie- 
ties have been assuaged by clear thinking 
and wise endeavor. The real dangers and 
perplexities of our daily lives have been 
relieved by forethought and mutual help. 
The amazing structure and _ intricate 
processes of the universe have been set 
forth for reverent and devoted contempla- 
tion by students young and old, of all sorts 
and conditions. In these several ways 
human sympathy has been widened in the 
common task of mutual enlightenment and 
public service, men’s minds have been 
awakened to the revelation of that which 
works in all and through all, and their 
grasp has been strengthened on the 
principles and the meaning of life. 


The Bishop replied to General Smuts in 
historic words, as follows: 


May God, the Fountain of all knowl- 
edge, fill you, who have gathered in this 
house for commemoration, with under- 
standing and joy. May He keep you 
steadfast and persevering in your search 
for truth. And may the blessing of the 
Lord come upon you abundantly. 

O Thou, who in every generation hast 
moved Thy chosen servants to seek Thy 
truth: continue, we beseech Thee, so to 
inspire us in this age that, searching the 
works of Thy hands, we may find Thee in 
all that Thou has made, and finally may 
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know Thee perfectly revealed in the 
Spirit of Thy Son, Jesus Christ our 
Lord. 


ogee The commemoration was delivered, 
in the form of a bidding prayer, by 
ProFessor J. L. Myres, one of the 
general secretaries of the British Associa- 
tion, and formerly Gladstone professor of 
Greek and lecturer in ancient geography in 
the University of Liverpool. (This was a 
record of great names in science—the 
following is the verse for chemists.) 


Ye shall remember all who have dis- 
tinguished the natural elements, verified 
their properties and affinities, and thereby 
compounded substances unknown before, 
serviceable to health and in the arts; 

Such as were Paracelsus, Boyle, Dalton, 
Priestley, Lavoisier, Davy, Berzelius, and 
Mendeléeff. 


The Bishop, at the end, taking up the 
same theme in more general terms, said: 


And lastly, let us remember all who in 
the wise use of their abundance or their 
power, by their gifts of tongue and pen, 
by their particular skill, industry and 
patience, have contributed to the advance- 
ment of learning, the application of science 
to the common good, or to the spread of 
the new light of reason among dark places 
and cruel habitations. Line upon line, 
precept upon precept, here a little and 
there a little, the works of each proclaim 
the spirit of Him who wrought in them. 
—Nature 


BRITISH ASSOCIATION HOLDS 
SYMPOSIUM ON EVOLUTION OF 
UNIVERSE 


According to Nature, a feature of the 
September meeting of the British Associa- 
tion for the Advancement of Science was a 
symposium on the evolution of the uni- 
verse. Those who contributed to the 
discussion were: SiR JAMES JEANS; ABBE 
G. LeMaItTRE, Observatory, Louvain; 
PROFESSOR W. DE SITTER, Observatory, 
Leyden; Str ARTHUR EDDINGTON; PROFES- 
soR RoBERT A. MILLIKAN; PROFESSOR 
E. A. MILNE; Rt. Rev. E. W. BARNEs, 
Bishop of Birmingham; and Sir OLIVER 
LopGE. 
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GRANTS FOR CHEMISTRY RE- 
SEARCH MADE BY NATIONAL 
RESEARCH COUNCIL 


At its meeting in October the National 
Research Council’s committee on grants- 
in-aid made (among others) grants for the 
support of research as follows: 

To W. L. BEuscHLEIN, professor of 
chemical engineering, University of Wash- 
ington, the hydrogenation of coal in 
various dispersion media; RICHARD BRAD- 
FIELD, professor of soils, and W. G. 
FRANCE, professor of chemistry, Ohio 
State University, size distribution in soil 
particles; SamuEL C. Linn, director of the 
School of Chemistry, University of Minne- 
sota, the chemical reactions produced in 
gases and other dielectrics by passage of 
electrical discharge; JAMES W. McBain, 
professor of chemistry, Stanford Univer- 
sity, development of an ultra-centrifuge..... 
— Science 


AMERICAN INSTITUTE OF PHYSICS 


There has recently been formed the 
American Institute of Physics, which is an 
agency of codperation in the interest of 
physics, established by the American 
Physical Society, the Optical Society of 
America,the Acoustical Society of America, 
and the Society of Rheology. The board of 
management has as its chairman Kart T. 
Compton, of the Massachusetts Institute 
of Technology. HENRY A. BARTON, 
formerly research engineer with the 
American Telephone and Telegraph Co., 
has been made the full-time executive 
secretary, with offices at 654 Madison 
Avenue, New York, N. Y., and Joun T. 
TATE, of the University of Minnesota, will 
devote part of his time during the coming 
year to aiding to perfect a plan for the most 
effective service in publication. The 
Chemical Foundation; Inc., has under- 
taken to finance the initial stages of the 
Institute of Physics and has afforded office 
space and clerical assistance to the insti- 
tute. Ww. W. Burrum, manager of The 
Chemical Foundation, Inc., is treasurer of 
the Institute —News Ed., Ind. Eng. Chem. 
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THE MUSLIM ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 


In view of the present political turmoil 
in India it is of interest to note in the 
Chemical News that a Muslim Association 
for the Advancement of Science has been 
founded at Aligarh, the seat of a Muslim 
University, which is the center of intellect 
of the 70,000,000 Mohammedans of India. 

The purpose of the association is the 
stimulation of research, which is en- 
couraged not only by means of grants in aid 
of the purchase of laboratory apparatus, 
materials, etc., but also by inviting 
distinguished investigators to Aligarh for 
the purpose of lecturing on the problems 
which are attracting their special atten. 
tion. 


LECTURE PROGRAM OF LOYOLA 
CHEMISTS’ CLUB 


The Chemists’ Club of Loyola College, 
Baltimore, is conducting the following 
series of lectures during this academic year: 


November 10, Dr. DonNALp H. ANDREWs, 
The Johns Hopkins University, “Seeing 
Inside the Molecule” 

November 24, Dr. E. Emmet Ren, 
The Johns Hopkins University, ‘The 
New Era in Synthetic Organic Chem- 
istry” 

December 1, JoSEPH H. MENNING, ’82, 
‘Narcotics and Drug Addiction;’’ EpGar 
S. EpEetMAN, ’33, ‘The Factor of 
Catalysis in Chemical Industries”’ 

December 15, Dr. HERBERT INSLEY, 
Bureau of Standards, ‘‘Finger Prints of 
Crystals” 

January 12, Dr. WILLIAM SCHROEDER, JR., 
Sanitation Commissioner of New York 
City, ‘‘Chemistry of Municipal Sanita- 
tion”’ 

February 9, Dr. CHarLeEs S. PIGGOTT, 
Geophysical Laboratory, Carnegie Insti- 
tution of Washington, ‘The Relation of 
Radium to Geologic Phenomena” 

March 1, J. Lego Rascuer, 34, 

“Chromium vs. Corrosion’; FRANK J. 

OTCENASEK, ’33, “The Vagaries of 

Nitrogen” 
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March 15, Dr. WM. M. THORNTON, JR., 
The Johns Hopkins University, “The 
More Powerful Reducing Agents in 
Volumetric Analysis” 

April 12, Dr. F. O. Rice, The Johns 
Hopkins University, ‘‘Free Radicals in 
Organic Chemistry” 

May 10, Dr. FREDERICK G. GERMUTH, 
Bureau of Standards, “The Rdle of 
Chemistry in the Examination of Mu- 
nicipal Supplies” 


SCHOLARSHIP OFFERED BY AMERI- 
CAN ASSOCIATION OF UNIVERSITY 
WOMEN 


A scholarship providing one year of re- 
search work in Europe or in this country is 
offered to advanced women graduate stu- 
dents by the Boston branch of the Ameri- 
can Association of University women, 
aided by the Radcliffe Alumnae Associa- 
tion, the alumni clubs of colleges in the 
Boston district, and private individuals. 
The scholarship is one of ten being made 
available for next year. The holder must 
be a graduate of an approved college, and 
must show evidence of being fully fitted to 
carry on the work she proposes to do.— 
School & Society 


DR. SEGEL’S APPOINTMENT AS SPE- 
CIALIST IN EDUCATIONAL TESTS 
AND MEASUREMENTS ANNOUNCED 


Ray LyMAN WILBovR, Secretary of the 
Interior, has announced the appointment 
of Dr. Davin SsGEL, Long Beach, 
California, to the position of specialist in 
educational tests and measurements in 
the Federal Office of Education, Research 
and Investigation Division. Creation of 
such a position was authorized by the last 
Congress. 

Dr. Segel, who was born in Kansas, 
received his A.B. degree from the Uni- 
versity of California, his M.A. degree 
from Teachers’ College, Columbia Univer- 
sity, and his Ph.D. degree from Stanford 
University. He taught school in Mc- 
Pherson, Kansas; New Castle High School, 
New Castle, Ohio; County High School, 
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Holyoke, Colo.; Westside Union High 
School, Tracy, Calif.; Clovis Union High 
School, Clovis, Calif.; and for the past 
several years has been in the research 
department of Long Beach City Schools, 
Long Beach, California. 

It will be the duty of the new education 
specialist to conduct studies concerned 
with the construction and evaluation of 
tests and measures of pupil progress, 
efficiency of teaching, and adequacy of the 
school program; to administer measure- 
ment programs, interpret results, make 
administrative adjustments and curricu- 
lum changes based on results to testing 
programs, and to codperate with bureaus 
of research in city school systems, other 
research agencies, and individuals in 
making studies in this field. Dr. Segel will 
also organize and conduct an information 
service for school officials and others in- 
terested in problems of tests and measure- 
ments; advise and assist school officials in 
surveys or studies of school systems, and 
assist in such surveys conducted by the 
Office of Education. 


U. S. X-RAY STANDARD LESSENS 
DANGER OF BURNS 


The danger of burns during X-ray 
treatments has been greatly lessened, ac- 
cording to Dr. LAuRISTON TayLor of 
the U. S. Bureau of Standards, by the 
completion and final testing of appara- 
tus designed to measure the intensity of 
X-ray doses. 

“Until now, no exact and uniform 
measurement of the strength of X-rays has 
been possible,’ it is explained by Dr. 
Taylor, who has just returned from Europe 
with the primary X-ray standard which he 
designed for the United States. ‘Now a 
doctor may calibrate his apparatus to 
learn the intensity of his X-ray doses 
without the necessity of guesswork. He 
will not burn his patient, nor will he 
commit the worse crime, in cases such as 
cancer, of undertreating him.” 

According to Dr. Taylor, there are two 
factors in X-ray treatment, the intensity 
and the penetrative power of the rays. 
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The rays’ penetrative power depends on 
the shortness of its wave-length, longer 
waves having a burning effect. The in- 
tensity of the X-ray dose is more im- 
portant, and it is this intensity which he 
can now measure. 

For three months, Dr. Taylor experi- 
mented in European national standardizing 
laboratories, consulting foreign scientists 
and comparing his apparatus with theirs. 
Before that he labored at his instruments 
in the Bureau of Standards to con- 
struct a portable X-ray standard, finally 
building one which is so simple that he 
could take it with him, and so accurate 
and dependable that it is designated as 
the primary or final standard of the United 
States. This he compared with foreign 
instruments, drawing up with European 
scientists specifications for an inter- 
national standard to remedy international 
confusion. This new apparatus is the 
only one in the world that completely 
satisfies these specifications, Dr. Taylor 
says. : 
Uncle Sam’s X-ray yardstick is in 
reality a small metal chamber into which 
X-rays are projected in a steady, uniform 
beam. When the rays pass through the 
air in this chamber they ionize the air, 
that is, set loose free electrons. This causes 
the air to become a partial conductor of 
electricity, which may be measured by an 
electric current and meters. The strength 
of this current depends on the strength of 
the X-rays. 

France, Dr. Taylor said, had been 
comparing X-rays with radium emission, 
but the X-ray intensity as thus measured 
varied with the ray’s wave-length. The 
English laboratories did not guarantee 
steady and uniform transmission of the ray 
being gaged. The American apparatus 
does away with both difficulties, and 
furnishes as nearly as possible a means for 
transmitting, maintaining, and measuring 
a ray of uniform |and standard intensity 
independent of all other conditions. For 
this reason, France, Egypt, and several 
other countries have adopted Dr. Taylor’s 
specifications outright, and other countries 
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have drawn up specifications which at 
present his apparatus alone fits. 

“It is now up to the Bureau,” Dr. 
Taylor said, “to find a means for gaging 
exactly the penetrative qualities of the 
various X-ray wave-lengths. The jn. 
tensity of a ray used in medical treatment 
is but half the problem. Not until we have 
both standards can we call our standardi- 
zation work complete.’’—Science Service 


BENDIEN CANCER TEST CALLED 
UNRELIABLE 


The Bendien test for cancer is still 
being investigated by leading British 
laboratories in the hope that a reliable 
method of early diagnosis may be available 
to the medical profession, although Sir 
C. Gorpon WATSON, chairman of the 
Investigation Committee of the British 
Empire Cancer Campaign, has just poured 
cold water on these hopes. The proposed 
test was devised by Dr. S. G. T. BENDIEN 
of Zeist, Holland. It is not at present 
being applied clinically and the scientists 
working on it stress particularly the fact 
that it is not in any sense a cure ora 
treatment of cancer. 

Sir Gordon Watson’s opinion is that 
“although the preliminary results were 
encouraging, subsequent inquiries have 
failed to justify the early promise, and 
Bendien’s method of diagnosis for malig- 
nant disease cannot at the present time be 
accepted as reliable.’”’ All hope is not 
lost, however, and Dr. ALFRED Piney from 
the London Cancer Hospital is continuing 
his investigation of the method. 

When Dr. Bendien’s test came to the 
attention of British medical authorities, 
the British Empire Cancer campaign 
sent Dr. Piney, its secretary, to investi- 
gate. He carried 38 tubes of blood. 
Among them were bloods of many ailing 
patients, some suffering from diabetes, 
some from rheumatism, and a few from 
cancer. A few tubes contained the blood 
of healthy normal people. Dr. Bendien 
tested these blood-serum samples and 
when his findings were compared with the 
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sealed diagnoses of the physician who 
collected the blood samples, they were 
found to correspond in every instance 
where cancer was involved. 

Dr. Bendien’s test consists of two parts, 
one chemical and the other spectroscopic. 
In the chemical test twenty tubes con- 
taining equal amounts of serum are 
treated with sodium vanadate-acetic acid 
solutions of varying concentrations and 
pH values, and the turbidity or floc- 
culation produced is carefully noted. 
With normal serum the flocculation be- 
gins in the sixth tube. With serum 
from patients suffering from cancer, tuber- 
culosis, and one or two other diseases, 
flocculation takes place in earlier tubes. 
To distinguish between those ailments, 
Dr. Bendien dissolves the precipitate from 
the chemical test in a two per cent sodium 
bicarbonate solution and measures, by 
means of a spectrograph, its power to 
absorb ultra-violet light. This ‘‘absorp- 
tion spectrum’’ is stated to differ according 
to the type of ailment, and Dr. Bendien 
claims that he can in this way distinguish 
cancer from the other diseases which 
behave in the same manner toward the 
chemical test. 

Others have been investigating the test 
besides Dr. Piney. At» the County 
Laboratory, Stafford, Dr: J. Fine has 
found that the chemical test gives good 
results. The spectroscopic part of the 
test seems to be much less reliable and 
involves the use of expensive optical 
instruments. Prior to Sir Gordon 
Watson’s statement the opinion of in- 
dependent investigators on the whole has 
been that the test is far from infallible, 
but may be a step in the right direction. 


Thirty or more tests for the detection of 
cancer have been confidently put forward 
during the last few decades. Among 
them were the following: less iodine is 
needed to obtain a precipitate with 
cancerous serum; more precipitate is 
obtained by adding alcohol to serum 
containing gelatin (‘‘prostaxie” reaction); 
color changes are observed upon adding 
para-cresol and tyrosinase; and a greater 
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alkalinity of the serum is found.— 


Science Service 


STUDY SUGGESTS NEW LINE OF 
CANCER RESEARCH 


A suggestion for new methods of re- 
search into the cause of cancer and of 
certain obscure blood diseases is one of 
several important lessons to be learned 
from a study of the radium dial painters’ 
cancer, it appears from a report on this 
occupational disease made by Dr. Harri- 
SON S. MARTLAND, medical examiner of 
Essex Co., City Hospital, Newark, N. J., to 
the American Journal of Cancer. 

Dr. Martland reviewed the cases of the 
radium dial painters, and showed that 
cancer does occur in radioactive persons. 
The cancer in these cases developed from 
the constant bombardment of each 
victim’s body by the alpha particles 
emanating from the radium stored in her 
bones, he explained. This suggests new 
methods for producing experimental 
cancer. But, more important, it suggests 
that, since very small amounts of 
radium taken into the bodies of the watch- 
dial painters quickly produced cancers, 
the occurrence of other forms of cancer in 
man may be the result of much smaller 
amounts of radioactive substances present 
in the body over much longer periods of 
time. These amounts would be too small 
to measure or even to detect by present 
methods. 

How these minute amounts of radio- 
active substances might get into the body 
Dr. Martland does not explain. The 
human body is normally radioactive to a 
very small degree and in its normal en- 
vironment is exposed to a minute amount 
of radioactive substances. ‘Theoretically 
the exposure to or use of any substance 
that will increase the normal radioactivity 
of the body is dangerous,” he stated. 
For this reason he strongly recommended 
proper medical supervision over the use of 
radium and X-rays for purposes of treat- 
ment of disease, and government control 
over industries and occupations in which 
exposure to radioactive substances takes 
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place. “If in a certain industry the 
exposure cannot be reduced to a safety 
minimum, the procedure in use should be 
given up for some other method; if this is 
not possible, the industry should be dis- 
continued,’’ he advised. 

He raised the question whether even 
now the luminous watch dial industry is 
safe, inasmuch as a report of the U. S. 
Public Health Service states that in spite 
of the utmost care and precautions against 
undue exposure, including stopping of the 
habit of licking the brushes and introduc- 
ing the use of various mechanical methods 
to apply luminous paint, girls who work 
under the new methods still become radio- 
active and show an average of one-half a 
microgram of radioactive substance in 
their bodies. Dr. Martland considers less 
than one-half of a microgram of radio- 
active substance dangerous. He empha- 
sized in a report what an infinitesimal 
amount of radioactive substance is neces- 
sary to destroy life. 

“A milligram of radium bromide is not 
much larger than a small grain of sand,” 
he explained in this connection. ‘One 
microgram is only one-thousandth as 
large, is invisible, and cannot be detected 
by any known chemical method. It is 
necessary to have only ten micrograms, or 
one hundred-thousandth of a gram, distrib- 
uted over the entire skeleton to produce 
a horrible death years after it has been 
ingested. 

“This is interesting when it is recalled 
that the fatal dose to man of the toxin 
produced by Bacillus tetant (the germ of 
tetanus or lockjaw), one of the most 
powerful soluble poisons known, is twenty- 
two-hundredths of a milligram or about 
one three-hundredth of a grain,” he 
added.— Science Service 


TELLS NEW THEORY OF FROSTBITE 
PROTECTION 


Discovery of a mechanism which 
protects the toes, fingers, ears, and similar 
extremities of the body against frostbite 
and injury due to extreme falls in tem- 
perature was made public by Sir THOMAS 
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Lewis, editor of the British medica] 
publication, Heart, at the Graduate Fort. 
night of the New York Academy of 
Medicine in New York. This mechanism 
is concerned with a hitherto unknown 
function of the special capillaries found 
only in the portions of the body affected 
by cold, according to Sir Thomas’ an. 
nouncement. 

These special capillaries are direct 
connecting vessels between the smallest 
arteries and thesmallest veins of the fingers, 
toes, and similar parts of the body. They 
were discovered more than ten years ago, 
but have remained in comparative obscu- 
rity because their function was not known, 
They are distinct from the well-known 
capillaries of the circulatory system and 
seem to have a different structure. For 
instance, the special capillaries have 
muscles, which the ordinary capillaries 
lack. . The nerves of the special capillaries, 
microscopic in size, act entirely inde- 
pendently so as to cause the flow of blood 
necessary to raise the temperature of 
the fingers or toes and so protect them 
against the cold, Sir Thomas explained. 
By means of a nerve reflex are the stimuli 
are transmitted from the cold finger or toe 
to the tiny vessels whose muscles expand 
to admit large amounts of warm blood to 
flow through the chilled exposed parts. 
The presence of this arc has been detected 
but its nature is not fully understood. 

Sir Thomas produced evidence to prove 
that the nerve fibers of these special 
capillaries in the finger tips will produce 
their heating effect even when the nerve 
trunks connecting the fibers to the spinal 
cord and brain have been cut. ‘‘The 
action,” he said, “is independent of the 
sympathetic nervous system and is 
dependent upon the sensory nerves in the 
skin of the fingers.” 

‘The discovery of this mechanism for 
protecting fingers and toes against frost- 
bite is the result of five years of research by 
Sir Thomas Lewis and his colleagues of the 
University College Hospital Medical 
School, London. It was undertaken to 
explain why there is a substantial rise in 
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temperature in a finger or toe when it is 
exposed to snow or cold and no similar rise 
in unexposed fingers and toes. The 
observations were checked by using 
subjects whose nerves were cut and 
degenerated. The heating effect is due 
to the presence of the special capillaries 
which are not present anywhere but in 
such parts of the body as the fingers and 
toes. The paws of cats and dogs are 
similarly protected by nature, Sir Thomas 
said —Science Service 


NEW SYNTHETIC RUBBER RECALLS 
GERMAN WAR PRODUCT 


The impending commercial production 
of rubber by the E. I. du Pont de Nemours 
& Company, at a New Jersey plant, using 
coal, limestone, salt, and water as raw 
materials, recalls the frantic and partially 
successful efforts of Germany’s chemists 
to make synthetic rubber during the war. 
Cut off by the blockade from the planta- 
tions, Germany perfected a very similar 
process to that recently devised in Wil- 
mington, Del., by the du Pont chemists, 
F. B. Down1nGc, Dr. W. H. CAROTHERS, 
and IRA WILLIAMS. But cost was no 
barrier to the Germans when crude 
natural rubber was unobtainable, whereas 
the new American synthetic product, 
claimed to be in some respects superior, 
will have to compete with nature’s efforts 
at six cents a pound. 

Dr. A. VON WEINBERG of the German 
dye trust predicted in 1928 that synthetic 
rubber ‘‘would soon appear on the world 
markets as a commercial commodity, 
equal to natural rubber and cheaper in 
cost.” The world is still waiting for the 
fulfilment of this prediction. Fifteen 
years before this, just before the World 
War, the Eighth International Congress 
of Applied Chemistry in New York City 
was enlivened by a discussion between 
Pror. W. H. PERKIN of Manchester, 
England, and Dr. Cart DuvuIsBerc of 
Leverkusen, Germany. The English 


chemist claimed that he and his assistants 
had succeeded in producing rubber from 
potato starch and that they could repeat 
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their laboratory success on a commercial 
scale. This the German capped by 
exhibiting a pair of automobile tires which 
had run a thousand miles and which were 
made of synthetic rubber. 

Numerous patents have been taken out 
in the last twenty years for the artificial 
synthesis of rubber. All of these patents 
cover two separate stages, the formation of 
a liquid hydrocarbon like “isoprene,” 
obtained when rubber is distilled in the 
absence of air, and processes for coaxing 
the isoprene or similar molecules to 
condense with one another to form a 
rubber-like network. The second process, 
known to the chemist as polymerization, 
was first carried out by a French chemist, 
BoOUCHARDAT, as long ago as 1882 and 
has been repeated in many other ways 
since then. 

In both the German war process and the 
du Pont process the first stage begins with 
production of the gas, acetylene, from 
calcium carbide by adding water. The 
acetylene is then combined with hydrogen 
and condensed to form a liquid called 
vinyl-acetylene closely related to isoprene, 
and that in turn is condensed to form 
chloroprene and then rubber. 

The new du Pont product is claimed as 
superior to natural rubber in that it 
vulcanizes or hardens without the addition 
of sulfur, does not swell noticeably in 
gasoline and can be made to form a liquid 
similar to the tree latex but superior in its 
ability to penetrate porous materials. A 
similar X-ray structure to natural rubber 
is found in the new rubber. 

Isoprene is most easily made from 
turpentine, which it resembles chemically, 
but with turpentine costing about five 
cents a pound this is not practicable. It 
can also be obtained as one of the prod- 
ucts of the Bergius process for liquefying 
coal. 

Kansas corn was proposed in 1925 by 
PROFESSOR JAMES F. Norris, of the 
Massachusetts Institute of Technology, as 
a source of an isoprene substitute, methyl- 
butadiene. In fermenting corn to form 
butyl alcohol, acetone is obtained as a by- 
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product. The isoprene substitute is 
easily obtained from this. 

Dozens of different other methods have 
been devised for each of the various steps 
of the synthesis. Numerous “synthetic 
rubbers” resembling the natural product 
in more or less degree have been made by 
these methods from time to time but none 
has survived the test of price as has the 
chemist’s artificial indigo.— Science Service 


MICROSCOPE SEES WHAT HAPPENS 
TO CELLS WHIRLED AT HIGH SPEED 


A new type of microscope, that can 
watch what happens to living cells when 
they are whirled about at speeds up to 
ten or twelve thousand revolutions per 
second, has been developed by Pro- 
FESSOR E. NEwTon Harvey at Princeton 
University and AtFrep L. Loomis of 
Tuxedo Park, N. Y. As the result of 
preliminary calculations already made 
with its help, it is indicated that revision 
of existing ideas of some of the properties 
of living matter will be necessary. 

Despite the fact that the cell is being 
whirled about, thousands of revolutions 
a minute, the new microscope presents the 
observer with a clear, steady picture of 
it throughout the process. The principle 
may be compared to that of a motion- 
picture projector, with the whirling cell 
taking the place of the film and the eye 
of the observer the screen. By this 
mechanism a series of images is trans- 
mitted to the eye with such regularity 
and rapidity that they blend in a con- 
tinuous picture. 

A disk or turntable about as large as that 
of a phonograph is rotated at high speed 
by anelectric motor. A hollow aluminum 
bar one-half inch thick is mounted on the 
disk, extending along its diameter. Into 
this narrow bar the lower lens system of a 
microscope has been built. This is con- 
tained beneath an opening at one end of 
the bar and is, therefore, near the outer 
edge of the disk. Above this opening is 
placed the slide holding the cell which is 
to be observed. By an arrangement 
of mirrors similar to that employed in 
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periscopes, the image is carried to the 
center of the bar and is reflected upward 
through a second opening to the upper 
lens and the eyepiece of the microscope, 
This working end of the microscope js 
stationary, being supported directly over 
the center of the disk. By this contri- 
vance a means of constantly observing the 
cell when it is in motion is provided; 
but the image, if seen at all at a rapid 
speed, is only a blur. The problem of 
obtaining a clear image was solved by 
the adaptation of the principle of the 
motion-picture projector. 

When a light is flashed at regular inter- 
vals above the whirling disk, a movie- 
like series of images is produced. The 
light is so regulated that its flashes 
coincide with the passage of the cell 
beneath it. The flash lasts for approxi- 
mately the space of one one-millionth of a 
second. It is produced by a _ small 
mercury light. 

The new microscope is capable of 
developing 8000 revolutions a minute, its 
speed being limited to the resistance of 
the air to the bar. In another model 
now in preparation, the bar has been 
streamlined; this new model is expected 
to develop speeds of 10,000 to 12,000 
revolutions a minute. At a speed of 
12,000 revolutions the cell will be sub- 
jected to a centrifugal force 17,000 times 
greater than gravity. This may be com- 
pared to a pull of eight and one-half 
tons upon an object which weighs one 
pound.—Science Service 


SMOKING FOUND TO DULL THE 
SENSE OF TASTE 


If you are a smoker, your breakfast 
orange does not have the sour tang that 
it would have for you if you were to forego 
the use of tobacco. Likewise pickles are 
not sosour. And the acid taste of souring 
milk is not so readily detected. This 
effect of tobacco on the individual’s 
threshold of taste, interesting to both 
physiologist and psychologist, was dis- 
covered at the psychological laboratories 
of the Catholic University of America, 








tic 


ing 
gat 


it v 





1932 


ward 


iter- 
Vie- 
The 
shes 


oxi- 
of a 
nall 


of 


of 
del 
een 


ast 


»g0 
are 
ing 
his 
il’s 
th 








Vor. 9, No. 1 


by Rev. Ropert A. BogLcKE who per- 
formed his experiments under the di- 
rection of Dr. J. EDWARD RAUTH. 

The original purpose of the investiga- 
tion was to discover the very weakest 
concentration of various common acids 
that could be detected by the human 
tongue. The acids used were: acetic, 
the familiar acid of vinegar, citric found 
in oranges and other citrous fruits, 
lactic acid found in milk, and hydro- 
chloric, nitric, and sulfuric acids. 

Solutions of all these were prepared so 
that there would be a wide range in in- 
tensity of the acid. The pH which 
represents the hydrogen-ion concentration 
varied from 3.0 to 3.8 for the last three 
acids named—the inorganic acids—and 
from 3.4 to 4.2 for the organic acids. 
On this scale of pH, the number 7 indicates 
a neutral solution neither acid nor alkaline. 
Numbers higher than 7 indicate the 
extent of alkalinity; below 7, the lower 
numbers stand for the most intense 
acidity. The steps up in the acidity of 
the solutions were only one-tenth of a pH 
on the hydrogen-ion scale. 

During the course of the experiments it 
became evident that the subjects were 
falling into two groups, one of which 
could detect far weaker solutions than the 
other. One group, it was found, con- 
tained the smokers; the other those who 
had either never smoked at all or who 
had smoked very little during the pre- 
vious seven years. 

Smoking, evidently, dulls the taste for 
all these acids, the only exception being 
sulfuric acid. Sulfuric acid has a pucker- 
ing effect on the mouth, and the investi- 
gators believe it may have been detected 
because of this astringent quality before 
it was actually tasted. 

Further experiments are planned by 
Dr. Rauth to determine the cause of this 
curious effect of tobacco on taste. 
One theory is that the nicotine, or some 
other constituent of the tobacco, acts as a 
poison on the nerves connected with the 
taste organs. Another is that through 
the use of tobacco the epidermis over the 
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taste organs becomes thickened so that 
acid solutions in the mouth cannot so 
easily penetrate to the sensitive parts.— 
Science Service 


GERMS HAD PART IN MAKING COAL 


Microscopic ‘‘bugs’’ are working more 
than three thousand feet deep in the earth 
to revise those parts of the schoolboy’s 
textbooks that tell how coal was formed, 
while up on the surface cousins of the deep- 
dwelling bacteria, also new to science, 
are being made to take the poison out of 
illuminating gas, change hydrogen and 
carbon monoxide into acetic acid, and 
acid into methane gas, and to do for the 
research chemist many other strange 
tasks that may grow into important 
industrial processes. Thus may be sum- 
marized reports of some of the latest 
scientific investigations presented re- 
cently in Pittsburgh before the Third 
International Conference on Bituminous 
Coal, by prominent scientists from Ger- 
many, one of whom is Dr. FRANZ FISCHER, 
director of the Kaiser-Wilhelm Institute 
for Coal Research in Berlin. 


The widely held belief that coal was 
formed from ancient plants which, during 
geologic periods of time, first turned to 
peat, then to brown coal, then to soft 
coal, and finally to hard coal under the 
pressure of thick strata of rock, is crum- 
bling, according to Dr. Fischer. Coal 
was made from ancient plants, but 
scientists have overlooked the part that 
bacteria had in its formation, he holds. 

According to this view, which has been 
shaping itself for a number of years, 
hard coal did not necessarily have to 
become consecutively peat, brown coal, 
and soft coal before assuming its final 
form. It might have been made in this 
fashion and probably often was, but if 
the right plant substances and the proper 
kind of bacteria were present the plant 
matter, with the help of the micro- 
organisms, could have turned into hard 
coal, or any other kind except peat, by a 
short-cut method. 
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“Living bacteria may be found not 
only in brown coal deposited at shallow 
depths, but even in bituminous coal at 
depths of more than three thousand 
feet,’’ Dr. Fischer said. ‘‘Whether these 
bacteria are still causing a further change 
in the coal cannot be answered im- 
mediately. However, since they are 
living they must acquire energy for 
certain processes of metabolism. On 
the other hand, as they occur only in 
small quantities it is conceivable that in 
spite of the long period of time they are 
not of essential significance and that in 
the case of bituminous coal they do not 
contribute to the production of methane 
and the resulting explosions.” 

By way of studying further the new 
theory of coal formation, Dr. Ernst 
TERRES of the Institute of Chemical 
Technology at Charlottenburg speeded 
up in his laboratory the geologic age-long 
process of making coal to just a little 
more than two years. Dr. Terres said 
that he fermented peat moss and then 
heated it under pressure to make artificial 
brown coal. He agrees with Dr. Fischer 
in part, concluding that the plant sub- 
stance lignin, not cellulose as is generally 
believed, is the material from which 
peat, brown coal, and some bituminous 
coals are made. 

Dr. Ernst Bert of Darmstadt, on the 
other hand, said that he has not been 
able to make from lignin a substance 
similar to coal, while he has satisfactorily 
produced artificial coals from cellulose. 

Inspired by experiments with bacteria 
from coal mines, Dr. Fischer put some of 
their cousins from sewage sludge into an 
atmosphere of hydrogen and the poisonous 
gas carbon monoxide. Later he found 
that the carbon monoxide and hydrogen 
had disappeared, to be replaced by water 
and methane, an illuminating gas. Dr. 
Fischer noticed that in changing the 
poison, the bacteria formed an_inter- 
mediate product, acetic acid, which is the 
stuff that makes vinegar sour.—Science 
Service 
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THIRD COMPETITOR TO ENTER 
RACE FOR MISSING ELEMENT 87 


Blindness threatening PROFESSOR Gus- 
TAVE A. AARTOVAARA Of Helsingfors, 
Finland, in his search for the missing 
chemical element 87, has aroused the 
anxiety of scientists of the U. S. Bureau of 
Standards, who have been working with 
him in seeking one of the last two re- 
maining building blocks of the universe, 
Glass fragments severely injured his 
eyes as a result of an explosion of his 
apparatus, according to recent reports. 

As a third competitor in the race to 
identify this elusive metallic element, 
Prof. Aartovaara of the Helsingfors 
Technical University, had sent a sample 
of his preparation to be examined by 
Dr. W. F. Mseccers of the U. S. Bureau 
of Standards, whose report on the optical 
spectrum has just been announced. The 
announcement comes on the heels of a 
rival claim by PROFESSOR JACOB PapPIsH 
of Cornell University, who declared he 
found the missing alkali in the rare 
mineral samarskite. The third con- 
testant for the honor of completing the 
chemists’ periodic table is PROFESSOR 
Frep ALLISON of the Alabama Poly- 
technic Institute, who first announced 
the discovery of the missing alkali about 
a year ago, through the use of a magneto- 
optic method of his own invention. 

No specific evidence that the Finnish 
preparation actually contains number 
87 has been found, Dr. Meggers an- 
nounced, though the spectra of all the 
related alkali metals, including sodium 
and potassium, were found. The crucial 
lines in the optical spectrum, he declared, 
will lie in the infra-red region where in- 
vestigation is troublesome. Only the 
X-ray spectrum, used by the Cornell 
scientists, can decide the question defi- 
nitely,. in Dr. Meggers’ opinion. On 
the other hand, Dr. Meggers doubts if 
Professor Papish has given convincing 
measurements actually proving the exis- 
tence of number 87 in his extract. 
Professor Aartovaara’s substance dif- 
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fers from those of Professor Allison and 
Professor Papish in that it is radioactive, 
as might be expected from its nearness to 
radium in the periodic table of chemical 
elements. The reported explosion that 
injured Professor Aartovaara is believed 
to have been due to the action of the 
radioactive rays on the solution. 

Chemists recall, however, that a radio- 
active alkali solution was examined 
in 1908 for the missing element by the 
German chemist, EBLER. None was 
found. The activity was due to a trace 
of a known radioactive element. Other 
similar hopes entertained by investiga- 
tors about radioactive alkali prepara- 
tions have all been unfulfilled in the past. 
—Science Service 


NEW SUPER X-RAY TUBE EQUAL OF 
WORLD’S TOTAL RADIUM 


All the radium in the world could not 
make more intense rays for the treatment 
of cancer than the new 900,000 volt, 
cascade X-ray tube of the New York 
Memorial Hospital, Dr. G. Faria 
told his fellow physicists at the November 
meeting of the American Physical So- 
ciety in Chicago. One and one-half 
inches of lead are easily pierced by the 
rays from the new tube, which was de- 
veloped by Dr. W. D. Coo.mce of the 
General Electric Company. 

Danger to workers with this tube, run 
for several hours a day, is considerable, 
said Dr. Failla, in describing the pro- 
tective means employed in the laboratory. 
Running at 700,000 volts and five milli- 
amperes, the radiation from the tube 
reported Dr. Failla, is equivalent to the 
rays from 600 grams of radium, the 
total amount isolated pure in the world. 
More than anywhere else in the world, 
some eight grams of this is located at the 
Memorial Hospital itself. 

New methods of treating cancer victims 
were sought in these experiments, com- 
paring the new X-rays with radium rays.— 
Science Service 
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NEW SCIENTIFIC COUNCIL TO 
STANDARDIZE COLORS 


A clearing house of reliable information 
on color for artists, scientists, and indus- 
trialists is being organized by thirteen 
coéperating scientific and technical socie- 
ties. The new Inter-Society Color 
Council, whose chairman is PROFESSOR 
E. M. GaTHERCOAL of the University of 
Illinois, will standardize the names, 
measurements, and specifications of colors. 
Practical men confronted with color 
problems will, according to the plans of the 
council, be put immediately in touch with 
those who have appropriate technical 
knowledge. Duplication of effort and 
loss of time will thus, it is hoped, be 
avoided. 

At present there is a gap between those 
who have the scientific knowledge of color, 
such as physicists of the Optical Society of 
America or textile chemists, and those 
artists, painters, and illuminating engineers 
faced with practical problems in the use of 
colors. The color council, made up of 
delegates from the constituent societies, 
and of private persons interested in the 
same program, will set about filling this 
gap. At the same time the council will, 
by the spread of popularized information, 
promote a wider understanding of color 
problems. 

Other officers of the new organization 
are: vice-chairman, L. A. JoNES of the 
staff of the Eastman Kodak Company and 
president of the Optical Society of 
America; secretary, M. REA Paut of the 
National Lead Company; treasurer, A. E. 
O. MUNSELL, president of the Munsell 
Research Laboratories, Baltimore. 

The coédperating bodies are as follows: 
American Association of Textile Chemists 
and Colorists, American Chemical Society, 
American Oil Chemists’ Society, American 
Pharmaceutical Association, American 
Society for Testing Materials, Illuminating 
Engineering Society, International Society 
of Master Painters and Decorators, 
National Academy of Design, N. Y. 
Museum of Science and Industry, Optical 
Society of America, Technical Association 
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of the Pulp and Paper Industries, Textile 
Color Card Association of the U. S., and 
the U. S. Pharmacopeia.— Science Service 


DR. SPRINGER HONORED BY 
HEIDELBERG ON GOLDEN 
ANNIVERSARY 


At the November 13th meeting of the 
Cincinnati section of the American 
Chemical Society, the Cincinnati German- 
istic Society joined the organization in 
doing honor to a charter member of the 
section, Dr. ALFRED SPRINGER. The 
meeting was made the occasion of the 
presentation to Dr. Springer of the 
honorary degree of doctor of philosophy 
by the University of Heidelberg, from 
which he originally received the Ph.D. 
in 1872. Mr. Gurpo Gorgs represented 
the Germanistic Society and Heidelberg, 
and the formal presentation of the degree 
was made by a representative of the 
University of Cincinnati, Dr. Louis A. 
PECHSTEIN, dean of the College of Educa- 
tion. The presiding officer of the meeting 
was Dr. WAYLAND M. BurcEss, chairman 
of the Cincinnati section. 

Dr. Springer delivered an address in 
which under the title, “‘A Sketch of Some 
Chemical Trends,’”’ he pictured chemistry 
in the days of Bunsen at Heidelberg, and 
in Cincinnati fifty years ago. 

Dr. Springer is a manufacturing chem- 
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ist of Cincinnati, where he was born in 
1854. Besides his membership in the 
American Chemical Society, he is a fellow 
of the American Association for the 
Advancement of Science (of which he was 
general secretary in 1884 and vice- 
president in 1892), and a corresponding 
member of the British Association for 
the Advancement of Science. 


CHEMICAL EDUCATION HAS PART 
IN AMERICAN VOCATIONAL ASSO- 
CIATION PROGRAM 


The American Vocational Association 
held its annual convention in New York 
City at the Hotel Pennsylvania, De- 
cember 10-12. On the chemical in- 
dustries program, addresses were given 
on the topics, ‘‘Some Present-Day Ten- 
dencies in the Chemical Industries,” 
‘‘What the Industry Is Doing and Might 
Do to Meet Present Tendencies” and 
“What the Vocational Schools Are Doing 
and Might Do to Meet Present Ten- 
dencies in the Chemical Industries.” 
The Committee of Chemical Education 
of the Non-Collegiate Type of the Di- 
vision of Chemical Education, A. C. &., 
of which R. E. Bowman, of the Wilming- 
ton Trade School, is chairman, collabo- 
rated in the preparations for this section 
of the convention. 


Different alloys needed to meet different corrosion problems. The vast eco- 





nomic problem of corrosion can be solved only by the development of particular 
metals for particular uses, R. L. Duff, chief metallurgical engineer of the Standard Oil 
Development Company, New Jersey, told the American Society for Steel Treating 
recently. 

‘No metal has been found to successfully meet all corrosion problems, nor will it be, 
and the time seems to have arrived when a particular alloy will be used for each purpose,” 
Mr. Duff said. 

Steels alloyed with chromium and nickel in various amounts offer the widest field 
of possibilities, Mr. Duff explained, and steel which is nearly one-fifth chromium and 
one-tenth nickel is the most outstanding development, as far as oil refinery service goes. 

Each different combination has its advantages and disadvantages which must be 
considered in the light of other conditions as well, making the choice of a practical alloy 
different with each purpose. The more chromium that is added, the better is the resis- 
tance against corrosion, he found; but when chromium forms more than one-fifth of the 
alloy, the steel becomes too brittle at high temperatures.—Science Service 
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Science in Action. Epwarp R. WEIDLEIN 
and WiLitraAm A. Hamor, Mellon Insti- 
tute of Industrial Research. McGraw- 
Hill Book Co., Inc., New York and Lon- 
don, 1931. xiii + 310 pp. 32 Figs. 
15 X 23 cm. $3.00. 


The authors of this text are in a com- 
manding position to see science function- 
ing in industry. They have had much 
experience in formulating and developing 
the program necessary to transfer newly 
ascertained facts from the laboratory shop 
to the larger field of the world’s work. 
The scientist, especially the chemist, is 
sometimes quite impatient over the lag 
of time delaying the introduction into in- 
dustry of improvements that to him seem 
so very obvious. It is, perhaps, neces- 
sary for the good of us all that the inertia 
of industry should curb the impatience 
of the scientist. Only in crises or great 
emergencies does the latter seem to get a 
chance to put some of his seemingly 
wild ideas into practical use. 

It is gratifying and perhaps also sur- 
prising to the general reader that in the 
last decade an almost general movement 
in industry has occurred to adapt itself 
to the changing tides of progress char- 
acterized by inventions, discoveries, and 
the obsolescence of existing processes. 
The writer recalls visiting a plant some 
years ago, where the chemist stated that 
his chief work was first aid to injured 
employees; that he never bothered the 
men in charge of the process so long as 
the product was satisfactory; and that 
only in case of accident, did he find his 
services necessary. Today the same plant 
has a chemical staff that continually con- 
trols the nature of the product during its 
manufacture. 

The authors have succeeded not only 
in sketching the value of scientific re- 
search in American industries as they 
started out to do, but what is more im- 
portant, they have shown how scientific 


research enables American industry to do 
the many things that amaze and astonish 
the layman. It is a book that the young 
student eager to gain perspective should 
read, as should also the banker and finan- 
cier whose caution ofttimes retards un- 
duly our enjoyment of the products made 
possible by the wild dreams of some 
impractical scientist. 

The book consists of six parts: (1) 
The Past and Present Conditions of In- 
dustrial Research; (2) Science and Hu- 
man Welfare; (8) Science in the In- 
dustries; (4) Science, the Pilot of Tech- 
nology; (5) Scientific Management and 
Rationalization; and (6) Industrial Re- 
search Methods and Men. From an edu- 
cational point of view the treatise is ex- 
cellent in presenting to the lay reader 
an extended description of ‘‘the general 
procedures, principal applications, and 
most valuable results of scientific research, 
particularly in American industries.” For 
the business man new glimpses into the 
future await him. He will see how the 
traffic lanes of industry have been kept 
open in the past and he will see well- 
marked highways of travel stretching out 
before him. In the adjustments arising 
from the world-wide economic dis- 
turbances he will realize that from the 
research now under way, the collective 
thought of many minds, will emerge new 
products available for the world’s leisure 
and old products at lower costs for the 
world’s needs. To the degree that he 
shares in such a visualization may he 
profit thereby. 

The book lacks the magnetic way of 
approach used by Slosson and Duncan 
to bring readers into the domain of science. 
It assumes that the world at large has 
already become interested in scientific 
achievement. It has organized and ar- 
ranged, in an easily followed order, the 
outstanding facts of the scientific re- 
search of the last decade and in so doing, 
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it points out the ways and means for the 
application of science to the production 
of commodities. Finally, the scientist 
himself is enabled to have a perspective 
of those things which have interested him 
in part and to gain a renewed pride and 
enthusiasm for the day’s work. 
H. K. BENsoNn 


NATIONAL Researcu CounciL 
Wasuinorton, D, C. 


Elements of General Chemistry. Joseru 
A. Basor, Assistant Professor of Chem- 
istry; Witt1AM L. Esrasprooxke, Asso- 
ciate Professor of Chemistry; and 
ALEXANDER LEHRMAN, Instructor of 
Chemistry; all of the College of the City 
of New York. Thomas Y. Crowell Co., 
New York City, 1931. x + 601 pp. 
134 Figs. 215 X 14 cm. $3.75. 
This is primarily a textbook for students 

who have had no previous course in 

chemistry. An excellent foundation in 
basic principles is offered in the first half 
of the book, and is intended to fit the 
student either for further study in the 
subject or for intelligent and profitable 
pursuit of a pandemic course. The book 
is in no way designed as a pandemic text; 
but the author states that the arrange- 
ment permits, at midyear, the division 
of classes according to whether or not 
they intend to go further in chemistry. 

The order of presentation of material 
does not differ widely from the conven- 
tional arrangement of topics. A unique 
and pleasing feature is the early and ex- 
tensive treatment of atomic structure, 
with thereafter frequent use of the con- 
cepts to explain chemical behavior. The 
author employs both cubical and “ring”’ 
diagrams to represent atoms; however, 
the student’s attention is directed to the 
fact that neither diagram is an actual 
picture of the atom. The use of “plus 
and minus valence” in connection with 
the balancing of oxidation-reduction equa- 
tions is open to question, as it may create 
an erroneous impression regarding the 
nature of the linkage in non-polar com- 
pounds. A novel feature, but one that 
seems to be justified, is the grouping of 
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two such apparently unrelated subjects 
as chlorine and sodium hydroxide. The 
study of metallic elements begins with 
iron and is followed by the platinum 
group, a deviation from the usual topical 
arrangement which has our hearty ap- 
proval. The relegation of the chapters 
on organic chemistry to the end of the 
text is amply justified, and permits the 
student to attain sufficient background 
to appreciate the nature of that field. 

There is a certain amount of similarity, 
as is to be expected, between Babor’s 
more advanced text and the present book, 
with its more detailed discussion of theo- 
retical material and the presentation of a 
greater number of illustrations for the 
benefit of the beginner. The theoretical 
sections, although well done, may make 
the text a little too heavy for use in a 
course of limited class time. The con- 
cept of pH is in our opinion of little value 
to beginners, as is also the detailed de- 
scription of methods for the determina- 
tion of molecular weights. 

The subject matter of the earlier chap- 
ters contains nothing which we feel should 
be omitted from a course in elementary 
chemistry. In the second half there are 
certain chapters, and more or less fine 
print, which may be omitted without 
handicapping the student. The arrange- 
ment of the text is such as to permit cer- 
tain omissions without detracting from 
its usefulness. Although the text is the 
joint work of three, the style is very 
smooth. We do feel, however, that in 
places the direct influence of certain com- 
temporary texts is evident. 

The exercises at the end of each chapter 
are well chosen and should afford a good 
review of the contents of the text. The 
book is adequately illustrated, and ex- 
planatory figures appear where they are 
of value. We feel that this text is a dis- 
tinct-contribution to its intended field. 

E. B. Kesey 


YacLe UNIVERSITY 
New Haven, Conn. 


Laboratory Manual in Elements of Gen- 
eral Chemistry. JosepH A. BABor, 
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Assistant Professor of Chemistry; W. L. 
ESTABROOKE, Associate Professor of 
Chemistry; ALEXANDER LEHRMAN, In- 
structor in Chemistry; all of the College 
of the City of New York. Thomas Y. 
Crowell Co., New York City, 1931. 
x + 420 pp. 21.5 K 14 cm. $2.00. 


This manual has been prepared to ac- 
company ‘Elements of General Chem- 
istry’ by the same authors (see review 
directly preceding this one), and the 
order of presentation of the material is 
very similar to that of the text. In an 
effort to maintain close correlation sev- 
eral experiments have been introduced 
which we believe are of little value— 
such as experiments on bromic and iodic 
acids, ventilation, the mineral garden, 
and the winning of metals. As might be 
expected, the greater part of the experi- 
mental work is what may usually be 
found in an elementary laboratory manual, 
for the field has already been rather 
thoroughly covered. 

The discussion of principles, which pre- 
cedes each experiment, appears to dupli- 
cate in most cases the material of the 
textbook, and may havea nullifying effect 
upon the requirement that the student fre- 
quently use his text as a reference. Ex- 
cellent experiments of a quantitative 
nature appear early in the book. It is 
doubtful, however, that the ability of 
beginning students at so early a stage is 
such as to obtain sufficiently accurate 
results in a number of them to be of value. 
It is unfortunate that more of this type 
of work is not included later. 

The printed page contains many blank 
spaces, a decidedly helpful feature to the 
student in recording temporary notes, 
which he should be encouraged to elabo- 
tate at the end of the exercise. Although 
the experiments adequately cover the 
material of the textbook, the manual 
does not impress us as ranking with the 
text in excellence. 


E. B. KELSEY 


Yate UNIVERSITY 
New Haven, Conn. 
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Chemistry Workbook and Laboratory 
Guide. M. V. McGrt, Lorain High 
School, Lorain, Ohio, and G. M. Brap- 
BURY, Lakewood High School, Lake- 
wood, Ohio. Lyons and Carnahan, 
Chicago, Ill., 1931. 252 pp. 16 Figs. 
21.5 X 28 cm. Flexible paper cover. 
Staple bound but perforated for loose- 
leaf use. 


The well-known Wm. Segerblom of 
Phillips Exeter Academy endorses this 
book in the foreword, giving the reason 
thereto that he had long ago proved to 
his own satisfaction that the proper 
method of instruction in chemistry was 
based upon and centered around the indi- 
vidual laboratory work of the student, 
for it enables the student to learn through 
his own observations and develop his 
own reasoning much better than could 
be done by the use of the stereotyped 
textbook. The reviewer heartily agrees 
with the above conclusion of this eminent 
teacher of chemistry for his experience 
has brought him to the same conclusion. 

The appearance of this book at the 
hand of the seasoned Mr. McGill and his 
associate author, Mr. Bradbury, bul- 
warked by the opinion of Professor Seger- 
blom, is a definite advance in the recogni- 
tion of the fact that all science teaching 
should use, exemplify, and make the pupil 
familiar with the scientific method of pro- 
cedure for it is the very cornerstone and 
foundation upon which all progress is 
made. Professor John Dewey has al- 
ready assured us that “‘the problem of 
problems in our education is how to dis- 
cover and how to mature and make 
effective this scientific habit.” Itis simply 
unintelligible that any teacher should 
substitute the dogmatic textbook for the 
exemplification of the scientific method. 

This workbook also furnishes the 
remedy for the common fault of modern 
teaching, the “‘once over.” The growth 
in subject matter in chemistry has been 
notably great in the past decade, resulting 
in texts that are decidedly plethoric. 
If the pupil ‘‘covers the ground” he has 
time only for the ‘‘once over.”” Where 
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a text is used as the basis for the assign- 
ment of lessons, then the fundamentals re- 
ceive too scant attention. Where the 
text is regarded as a source book and the 
lessons are assigned on the basis of well- 
ordered units of the fundamentals the 
above difficulty does not appear but this 
plan seems as yet to be used by a minority 
of teachers. We hope that this book 
will be an incentive to teachers of chem- 
istry to leave their ‘“low-vaulted past” 
and occupy the wider horizons of science 
which the use of the scientific method 
is sure to create. Extended drill, how- 
ever, can confuse as well as clarify. A 
book is only a tool to be used for good 
or ill as the teacher may select. Only 
when the details are used as steps to lift 
the student to the heights of understand- 
ing of a general principle may the teacher’s 
work be said to be well done. 
HERBERT R. SMITH 


Lake View HicH ScHOOL 
Curcaco, ILLINOIS 


The Twentieth Century Practice-Exercises 
and Objective Tests in Chemistry. 
G. M. BrapsBury, Lakewood High 
School, Lakewood, Ohio, and M. V. 
McGtt, Lorain High School, Lorain, 
Ohio. Benton Review Shop, Fowler, 
Indiana, 1931. 132 pp. Paper cover, 
staple bound. 15.5 X 23.5cm. 25¢net. 


One of the weakest points in the teach- 
ing of chemistry in secondary schools 
is the lack of practice and drill to secure 
the necessary understanding. This book- 
let aims to supply this need by stated 
exercises arranged in thirty-two units 
which are studied with reference to the 
usual stereotyped textbook. Each unit 
closes with a test of fill in blank word, 
true-false, or selective answer type. The 
formation of such a practice book evi- 
dently is the result of the unsatisfactory 
use of a test book as such. It is ap- 
parent that the pupil must meet the 
challenge of the exercises by a considera- 
tion of the information of the text and 
in this respect a decided value is furnished 
which the average book does not have. 
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If such exercises were incorporated at 
the close of chapters of the text it would 
take on the nature of a workbook and 
would not be usable the second time, 
except by the somnolent type of pupil 
who desires above everything a short 
cut in personal effort. This addition of 
another book to the pupil load may 
justify the expense, even if it is only a 
half-step breakaway from an outworn 
form of instruction. We must at least 
grant that the authors have the courage 
to put their convictions into an improve- 
ment in printed form. 

It happens in places that there is no 
treatment of a certain topic in the book 
which the pupil may be using, so this 
information must be sought elsewhere 
or omitted. The difficulty lies in try- 
ing to integrate the topics of several 
books into one practice book. If we were 
willing to allow textbooks to take their 
silent places in the museums and in their 
place evolve a course of fundamentals 
based on laboratory practice with his- 
torical values supplied concurrently, we 
might approach more nearly a_ perfect 
method for it would embody the ele- 
ments of the scientific method. At any 
tate the use of this practice book will 
cause much more brain searching than 
the separate use of a text so we can see 
real education promoted. If the teacher 
will be careful to point out the mountain 
peaks of principle which are encountered 
in the study of chemistry the final re- 
sult cannot be other than satisfactory. 

HERBERT R. SMITH 


LAKE View HIGH SCHOOL 
Curcaco, ILLINOIS 


Recent Advances in Organic Chemistry. 
ALFRED W. STEWART, D.Sc., Professor 
of Chemistry in the Queen’s University, 
Belfast. Sixth edition. Longmans, 
Green & Co., New York City and 
London, 1931, 2 vols. xii + 429, xii + 
431 pp. $7.50 each volume. 


The popularity of this standard book 
with organic chemists is attested by the 
fact that five editions have been sold, 
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the fourth appearing in 1920 and the 
fifth in 1927. In this, the sixth edition, 
considerable new material has been added 
on diterpenes, triterpenes, and fresh chap- 
ters written on subjects in which notable 
advances have been made very recently, 
such as the decalines, diphenyl derivatives, 
large cycle ketones, and strainless rings. 
All through the book additions and changes 
have been made to bring it up to date. 
There is a net gain of about ninety pages 
in the two volumes. There is a happy 
balance between problems of constitution 
and theoretical questions. 

The chapter headings are: Volume I, 
Chap. I—Some Main Currents in Or- 
ganic Chemistry; Chap. II—Sundry Mod- 
ern Reagents; Chap. III—Addition Re- 
actions; Chap. IV—The Polymethylenes 
and Some Large Carbon Rings; Chap. V— 
The Aliphatic Diazene Compounds; 
Chap. VI—The Ketenes; Chap. VII— 
The Polyketides and Their Allies; Chap. 
VIII—The Cyclic Monoterpenes; Chap. 
IX—The Dicyclic Terpenes; Chap. X— 
The Olefinic Terpenes; Chap. XI—The 
Pyrrol, Pyridine, and Tropine Alkaloids; 
Chap. XII—The Quinoline and Isoquino- 
line Alkaloids; Chap. XIII—The Purine 
Group; Chap. XIV—The Polypeptides; 
Chap. XV—Trivalent Carbon; Chap. 
XVI—Unsaturation; Chap. X VII—Orient- 
ing Influences in the Benzene System; 
Chap. XVIII—Conclusion. 

Volume II, Chap. I—Organic Chem- 
istry in the Twentieth Century; Chap. 
II—Some Carbohydrate Constitutions; 
Chap. III—The Sesquiterpene Group; 
Chap. IV—The Diterpenes and Triter- 
penes; Chap. V—Rubber; Chap. VI— 
Recent Work on the Alkaloids; Chap. 
ViI—The Anthocyanins; Chap. VIII— 
The Chlorophyll Problem; Chap. [IX— 
The Depsides; Chap. X—Some Theories 
of the Natural Synthesis of Vital Prod- 
ucts; Chap. XI—Some Cases of 
Isomerism in Cyclic Compounds; Chap. 
XII—The Diphenyl Problem; Chap. 
XIII—New Organo-Alkali Compounds; 
’ Chap. XIV—Other Cases of Abnormal 
Valency; Chap. XV—Structural Formu- 
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las and Their Failings; Chap. XVI— 
Some Applications of Electronics to Or- 
ganic Chemistry; Chap. XVII—Some 
Unsolved Problems. 

The chapters are mostly independent, 
each being an interesting presentation 
of a particular theory or a description of 
a group of compounds. In each the 
essentials are presented in such a way 
as to give a clear view without confusing 
the reader with too many details. There 
are many references to the literature but 
not enough to be bewildering. The book 
shows a remarkably broad acquaintance 
with organic chemistry and a clear insight 
into its problems. 

The author has a fondness for “‘organic’”’ 
chemistry in its old, narrow sense and de- 
votes much space to the chemistry of 
natural products and to discussions of the 
possible mechanisms by which compounds 
may be supposed to be built up in living 
organisms. 

The book is intended for those reading 
for honors and for graduate students in 
organic chemistry. It will serve these 
well and will also be useful to chemists 
in general who wish to keep informed 
on developments outside of their own 
specialties. 

E. EMMetT REID 


Tue Jouns HopKins UNIVERSITY 
BALTIMORE, MARYLAND 


Analytical Chemistry. A Textbook for a 
One-Year Course in Qualitative and 
Quantitative Analysis. JoHn C. Ware, 
Sce.M., Ph.D., Associate Professor of 
Chemistry, New York University. John 
Wiley & Sons, Inc., New York City, 


1931. xiv + 462 pp. 47 Figs. 15 X 


23 cm. $3.75. 


The purpose of the book is to present 
in a single volume a course in analytical 
chemistry, both qualitative and quantita- 
tive, to students who can devote no more 
than one year to these courses combined. 
In the preface it is mentioned that pre- 
medical and predental students can usually 
spend no more than this time on the sub- 
ject and that this book is intended to 
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give them a well-rounded course in analyti- 
cal chemistry. In fact a small section 
relating to the detection of metals used 
in dentistry is included especially for the 
predental students. It is the opinion 
of the reviewer that it will serve this 
purpose well and also be a good text for 
chemistry majors, who on account of 
the necessity of taking more specialized 
courses cannot have much more than a 
year for analytical work. At least it 
will give them a good foundation course 
which can be followed by the ‘more ad- 
vanced analytical courses. 

The book is divided into four parts; 
Fundamental Principles; Qualitative De- 
termination of Radicals; Quantitative De- 
termination of Radicals; and the Appen- 
dix, which contains the usual directions 
for making solutions, solubility tables, 
logarithm tables, atomic weights, etc. 

The first part (105 pages) presents in 
a clear and understandable manner the 
theoretical principles that are applied 
in analytical separations. These include 
the various forms of equilibrium, ioniza- 
tion, solubility product, pH values, com- 
plex ions, oxidation reactions, and the 
colloidal state. In each division the 
principle is discussed with particular 
reference to the analytical application. 
Each chapter is concluded with an ex- 
cellent summary and a number of exer- 
cises or problems. 

The second part (158 pages) deals with 
the customary qualitative analysis scheme. 
The properties of the metallic ions are 
first studied by means of preliminary 
experiments and then after a discussion 
of these properties the directions for 
analysis are given and followed by ex- 
planatory notes. The systematic pro- 
cedure does not differ markedly from that 
ordinarily used and need not be described 
in detail. The detection of anions is 
very briefly dealt with. Preliminary tests 
such as bead tests, flame tests, ignition, 
etc., on solid materials are omitted entirely. 

The third part (158 pages) covers the 
quantitative part of analytical chemistry. 
It includes a discussion of accuracy and 
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significant figures, calibration of weights 
and volumetric apparatus, and typical 
gravimetric and volumetric determina- 
tions. The directions in this part are 
exceptionally detailed and clear and 
should be easily followed by a student 
just beginning quantitative. Further- 
more, he should, with very little effort, 
understand what he is doing for every 
step in the procedure is explained and its 
relation to the qualitative scheme is indi- 
cated. Thus the student correlates his 
new knowledge with his old. 

The inevitable errors of a first edition 
are present but the reviewer found none 
that should cause serious difficulty in 
understanding the subject matter. 


Cart Otto 
UNIVERSITY OF MAINE 
Orono, MAINE 


Physical Chemistry. An Elementary Text 
Primarily for Biological and Premedical 
Students. Louis J. GrLtLespie, Ph.D., 
Professor of Physical Chemical Re- 
search, Massachusetts Institute of Tech- 
nology, Formerly Fellow Rockefeller In- 
stitute of Medical Research, then Bio- 
chemist of the United States Depart- 
ment of Agriculture. McGraw-Hill 
Book Co., Inc., New York City, 1931. 
ix + 287 pp. 48 Figs. 13.5 xX 205 
cm. $2.75. 


This book is especially intended to be 
of service to those students who are pur- 
suing premedical or biological courses, 
The book contains twenty-eight chapters, 
discussing the principal topics found in 
the general textbooks on physical chem- 
istry. It is of significance, however, that 
the author has omitted a chapter on col- 
loids and includes the physical properties 
of colloids in several of the other chapters. 
Among the chapters, the subject matter 
of which is treated at length and special 
applications made to the biological 
sciences, are the chapters on “Cells for 
the Determination of Hydrogen-Ion Con- 
centration of Activity,” “Buffers and 
Titration Curves,’ ‘Indicators,’ and 
“Donnan Equilibrium.” Throughout the 
text the author has made an effort to 











ist 


of | 
of 

tior 
oth 


stu 


for 
prec 
not 
sent 


Sr, 


(932 


ical 
jina- 
are 
and 
lent 
her- 
fort, 
very 
l its 
ndi- 
his 


tion 
one 


ind 
ind 
the 














Vou. 9, No. 1 


apply physical chemistry to the problems 
of biology. The author has adopted a 
research point of view which is helpful 
to the student in applying physical chem- 
istry as a valuable tool in carrying out 
biological investigations. 

In the chapter on surface tension, it is 
regretted that the author does not make 
mention of the relation of surface tension 
in the modern theory of cell antisepsis. 
In the same chapter mention is made 
of the fact that sodium salts form oil-in- 
water emulsions and calcium salts favor 
the formation of water-in-oil emulsions. 
The antagonism of sodium and calcium 
in biology is pointed out. It should be 
mentioned, however, that this antagonism 
of inverting emulsions is not a specificity 
of the calcium ion but the same condi- 
tion would obtain with magnesium and 
other divalent ions. Reference to Har- 
kin’s theory of orientation would aid the 
students in understanding the phenome- 
non of emulsions and emulsion reversi- 
bility. The reviewer feels that the matter 
of buffer capacity is not treated at as 
great a length as it should be in a treatise 
of this kind. Its many references to 
biology, both in the plant and animal 
kingdom, are neglected. In the mind of 
the reviewer the paragraph on errors 
tolerated in the calculation of pH would 
be made plainer to the student if a table 
showing the relationship between hy- 
drogen-ion concentration and pH were 
included. Furthermore, it might be ad- 
vantageous to emphasize that a difference 
in pH units in the neutral region of the 
PH scale is of less significance than the 
same numerical change on the extreme 
acid side of the scale. Oftentimes this 
fact is difficult for students to grasp. 

The author fulfils his purpose in writ- 
ing this book, that is, to present a prac- 
tical working text in physical chemistry 
for students of biology. His style is 
precise and direct, and the student is 
not inundated by the mathematics pre- 
sented by the author. 

Joun C. KRANTzZ, JR. 


State DEPARTMENT OF HEALTH 
BALTIMORE, MARYLAND 
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Photochemistry. D. W.G. Sry.z, Ph.D. 
With a preface by A. J. ALLMAND, M.C., 
D.Sc., F.R.S., Professor of Chemistry in 
the University of London, King’s Col- 
lege. E. P. Dutton and Company, Inc., 
New York City, 1930. v + 96 pp. 
9 Figs. 165 X 10.5 cm. $1.10. 


This little volume is designed to afford 
an approach to the subject of photochem- 
istry for physicists and chemists who 
have interested themselves little in the 
subject. The author has succeeded ad- 
mirably in attaining his purpose and one 
feels safe in recommending this work not 
only to those who pretend to know noth- 
ing about the subject, although possessing 
a good background of knowledge in chem- 
istry and physics, but likewise to photo- 
chemists. The style is clear and readable 
and one cannot fail to acquire a stimulat- 
ing point of view on many problems. 

The book is divided into five chapters. 
The Introductory Chapter covers the 
general laws governing light absorption 
as well as an elementary treatment of 
certain phases of spectroscopy, thus pro- 
viding the reader with a hasty survey of 
the action of radiation on atoms and mole- 
cules. The following chapters deal with 
The Primary Light Process; Secondary 
Chemical Processes, Chain Reactions; 
The Dependence of the Quantum Yield on 
Temperature and Wave-Length; and 
Experimental Methods. A very short 
bibliography is appended. 

The author has accepted the Bohr atom 
as being adequate for a qualitative de- 
scription of many processes of interest 
to the photochemist and introduces the 
viewpoint of Franck in discussing light 
absorption by molecules. No mention 
is made of the subject of wave mechanics 
either as applied to spectroscopy or as 
applied to collision processes. In some 
respects the inclusion of the viewpoint 
of the newer phases of quantum mechanics 
might have been desirable. The book 
is written essentially from the chemical 
side and one has the feeling that many 
of the intimate pictures of reaction mecha- 
nism, particularly as regards reaction 
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in solution, may require revision as more 
exact mathematical formulation of the 
laws governing such processes is obtained. 
The author has, however, been unusually 
candid in his treatment of doubtful points 
and the reader should acquire a thorough 
appreciation of the weak points in certain 
of the mechanisms discussed. 

The book is remarkably free from typo- 
graphical errors and those which do occur, 
together with some slight inaccuracies 
in statement, do not detract seriously 
from the value of the work as a whole. 
The book may be recommended either for 
relatively light reading or more serious 
study. W. ALBERT NOYES, JR. 


Brown UNIVERSITY 
PROVIDENCE, RHopE ISLAND 


Merck’s Index, an Encyclopedia for the 
Chemist, Pharmacist, and Physician. 
Fourth edition. Merck and Co., Inc., 
Rahway, New Jersey, 1930. iti + 585 
pp. 15.5 X 23 cm. $5.00 in general. 
$2.50 to members of the chemical, 
pharmaceutical, medical, and _ allied 
professions. 


The fourth edition of Merck’s Index is 
a welcome volume to those who have en- 
joyed the privilege of using this book in 
its former editions. The book contains 
five hundred and fifty-seven pages of 
short yet useful monographs on chemicals 
botanicals, and drugs. Each of these 
monographs gives the names and syno- 
nyms; the sources; origin or mode of 
manufacture; chemical formulas; and 
molecular weights; physical character- 
istics; melting and boiling points; solu- 
bilities; specific gravities; medicinal 
action; therapeutic uses; ordinary and 
maximum doses; incompatibilities; anti- 
dotes; and methods of storing. A special 
feature which enhances the usefulness 
of this book is the ease with which it can 
be used. There are no special codes and 
systems required to manipulate the Index. 
The substances are arranged in alpha- 
betical order and thoroughly cross-in- 
dexed. Its supply of common synonyms 


of various drugs is especially commend- 
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able. In addition to the book’s serving 
as an index for drugs and chemicals, there 
are included several tables giving the 
characteristic reactions of alkaloids, glu- 
cosides, acids, bases, metals, and salts, 
along with specific gravity tables. 
Joun C. KRANTz, Jr. 


Strate DEPARTMENT OF HEALTH 
BALTIMORE, MARYLAND 


Nucleic Acids. P. A. LEvENE, The Rocke- 
feller Institute for Medical Research; 
and LAWRENCE W. Bass, Mellon Insti- 
tute of Industrial Research, now Assis- 
tant Director of Research, The Borden 
Company. The Chemical Catalog Co., 
Inc., New York City, 1931. 337 pp. 
14 Figs. 15 XK 23 cm. $4.50. 


At the present time, more and more 
research is being undertaken with the 
express purpose of learning more about 
the chemistry of the cell. These investi- 
gations range over the whole field of chem- 
istry, from physico-chemical determina- 
tions of membrane equilibria to the iso- 
lation and identification of the organic 
compounds which go to make up the 
cell. The cells studied range in size from 
the scarlet fever streptococcus, whose 
diameter is of the order of one micron, 
to certain cells found in tropical waters 
which get to be as large as a hen’s egg. 
In view of this ever-increasing interest 
in cell chemistry, it is peculiarly fitting 
that this volume on nucleic acids should 
appear at this time, dealing as it does 
with a class of compounds which are 
typical of and are found only in cell 
nuclei. 

The authors have taken up the subject 
matter in a very logical and orderly 
manner. As the nucleic acid contains 
in its molecule phosphoric acid, sugar, 
and various nitrogenous bases, an under- 
standing of its chemistry is impossible 
without a working knowledge of its com- 
ponent parts. Accordingly, the first five 
chapters deal with the general chemistry 
of the sugars, purines, and pyrimidines, 
giving special attention, however, to those 
individuals which occur in the nucleic 
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acids. Upon this foundation is built the 
chemistry of nucleosides and nucleotides, 
the first breakdown products of nucleic 
acids. 

The foregoing constitutes Part I of the 

book. 
Part II deals with the nucleic acids 
themselves, beginning with a historical 
development of the subject, and includ- 
ing chapters on Structure, Nucleic Acids 
of Higher Order, and Nucleuses. 

This book admirably fulfils its purpose 
in elucidating the structure and history 
of the nucleic acids. As is only natural, 
the main emphasis of the book has been 
upon proof of structure. This theme is 
followed in connection with the compara- 
tively simple sugars and bases, as well 
as in the complicated nucleotides and 
nucleic acids. In addition, in discussing 
individual substances, sections are de- 
voted to preparation from natural sources, 
synthesis where possible, and a descrip- 
tion of physical and chemical properties. 

This book will stand as a monument 
to Dr. Levene’s nucleic acid work. No 
other person has done so much toward 
clearing up the structure of this compli- 
cated class of substances as the author, 
and no one else is as well qualified to dis- 
cuss its many intricacies. 

RoBert D. CocHiIty 


YALE UNIVERSITY 
New Haven, Conn. 


Chemie und Chemische Technologie Tier- 
ischer Stoffe ein Einfiihrung in die 
angewandte Zoochemie. GEORGE 
GrasSER, Professor in the Royal Uni- 
versity of Sapporo (Japan). Ferdinand 
Enke, Stuttgart, Germany, 1931. viii 
+272pp. 14.5 X 22.5cem. 17.60 RM. 
($4.37 bound.) 


This is volume XX of Enke’s ‘‘Biblio- 
thek fiir Chemie und Technik”’ edited by 
Professor L. Vanino. As the title indi- 


cates, the volume is devoted to a considera- 
tion of the chemical compounds character- 
istic of animal organisms and the utiliza- 
tion of these compounds as products of 
commerce or in industrial processes, 
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A general introductory section of 64 
pages outlines the taxonomic classifica- 
tion of the animal kingdom and presents 
a classification of structures or organs 
characteristic of the animal body from 
which valuable chemical products are ob- 
tained. The introductory section closes 
with a consideration of the chemistry of 
the proteins (pp. 31-64). 

In the special sections which follow, the 
chemistry and technology of the chemical 
materials found in the various classes of 
animal structures are taken up in detail. 
Thus, we have a consideration of the prod- 
ucts derived from the integument, in- 
cluding skin, and its manufacture into 
furs or leather, hide gelatin, animal fibers 
(wool and hair) and the chemistry of horns 
and hoofs and products derived therefrom. 

The second section takes up the prod- 
ucts secured from the skeletal structure, 
the third section those originating in the 
muscle or fatty portions of animals, the 
fourth section covers the products of the 
glands or organs of internal secretion, and 
including the hormones, enzymes, silk, 
milk, and various miscellaneous products 
which may or may not represent true se- 
cretory products (e. g., cochineal, formic 
acid, honey, lac, etc.). 

A fifth section is devoted to the prod- 
ucts of the circulatory and digestive sys- 
tems and deals with blood and its con- 
stituents, immune sera, urine and its 
products, and animal excrements. This 
section is followed by a short section on 
industrial products from fossil animals, 
including bitumens, ichthyol, phosphates, 
guano, and fossil ivory. 

The book closes with an alphabetical 
list of approximately 500 chemical com- 
pounds and the animal tissue from which 
they are obtained. This list is followed 
by an adequate subject index. 

Altogether, the book will be found to be 
very useful. The author has gathered 
together much practical and industrial 
information which hitherto could have 
been found only by consulting numerous 
special monographs. Of course, when he 
deals with so many industrial products and 
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processes in a volume of this size the in- 
formation which is presented is of ne- 
cessity very sketchy but each chapter is 
followed by a bibliography of the works 
which have been consulted so that source 
references are available to the reader. 

The book is well printed on good paper. 
The reviewer has noted relatively few 
obvious errors. On page 33 the structural 
formula of cystine is wrong through an 
obvious error in typesetting; on page 59 
the structural formula of nucleic acid does 
not agree with the generally accepted 
scheme of linkages, the union being given 
through the phosphoric acid groups 
rather than from carbohydrate to phos- 
phoric acid. Incidentally, a hexose is 
designated as the carbohydrate in the 
nucleic acid but later he refers to the sugar 
as d-ribose. On page 62 carotin and xan- 
thophyll are mentioned along with phyco- 
cyan and phycoerythrin as though they 
were chromo-proteins; on page 158 it is 
erroneously noted that adrenalin is the 
only hormone which has been synthesized 
(thyroxine has been synthesized and the 
author gives the correct formula for thy- 
roxine on p. 159 but does not note that it 
has been prepared by synthesis); on p. 
199 the ring structure of d-glucose is given 
in the y-oxide form rather than the correct 
6-oxide. 

However, the reviewer believes that 
such minor errors can be overlooked be- 
cause of the merits of other features and 
recommends the book to those interested 
in the chemistry or chemical technology 
of products of animal origin. It may be 
added that one can find here much in- 
formation as to the chemical composition 
and the source of many trade products 
which go into commerce under coined 
names which do not afford the purchaser 
any idea as to the composition of the prod- 
uct in question. 

Ross AIKEN GORTNER 


UNIVERSITY OF MINNESOTA 
St. Paut, MINNESOTA 


MISCELLANEOUS PUBLICATIONS 


Fighting Fires Which Involve Chemicals. 
L. K. ArNnotp and L. J. Murpay. 
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Iowa State College of Agriculture and 
Mechanic Arts Official Publication, July 
1, 1931. Bulletin No. 109. Engineer. 
ing Extension Service, Iowa State Col- 
lege, Ames, Iowa. Free upon request, 


This bulletin contains information on 
the following topics: Why Chemicals Are 
Hazardous; Fires Involving Chemicals, 
classified according to the industry in 
which they may occur; Dangerous Gases; 
Chemical Hazards from Liquids; and 
Dangerous Solids. 


Bibliography of Research Studies in Edu- 
cation: 1929-1930. Prepared in the 
Library Division Office of Education by 
Epitn A. Wricut. U. S. Dept. In- 
terior, Bulletin, 1931, No. 13. U.S. 
Govt. Printing Office, Washington, 
D.C. (For sale by the Superintendent 
of Documents, Washington, D.C.) xii 
+ 475 pp. 15 X 23cm. $0.85. 


High-School Libraries in Illinois. A. W. 
CLEVENGER, High-School Visitor, and 
C. W. OpELL, Assistant Director, Bu- 
reau of Educational Research, Illinois. 
University of Illinois Bulletin, No. 57, 


Sept. 11, 1931. Urbana, Illinois, Sept. 
1], 1981. 41 pp. 15 X 23 cH 
$0.30. 


This bulletin gives a summary of the 
actual conditions existing in the high- 
school libraries of Illinois, and includes 
suggestions and recommendations on 
library facilities and practices. 


Status of the Junior-College Instructor. 
Joun T. Wantguist, University of 
Utah, Salt Lake City. U. S. Dept: of 
the Interior, Pamphlet No. 20. U. S. 
Government Printing Office, Washing- 
ton, D. C., 1981. (For sale by the 
Superintendent of Documents, Wash- 
ington, D. C.) 29 pp. 15 X 23 cm. 
$0.05. 


This investigation covers the social, 
economic, professional, and legal status 
of the junior-college instructor. 
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Sctentific Equipment Co., New York City 
THE ALCHEMIST 


Several centuries before the vogue of painless dentistry, David Teniers the younger 
represented in this painting a typical case of human trust in the promise of alchemy 
to be “‘all things to all men.” The alchemist is depicted as about to experiment in an 
attempt to discover an elixir to relieve the pain caused his patient by the extracted 
tooth poised on the instrument to which he is pointing. Turned from the sufferer, his 
posture of detachment bespeaks the easy self-confidence of the professional man, the 
enthusiastic curiosity of the researcher, the assumption of authority in the teacher, and 
the vainglory of the wonder-worker. 

The artist, one of a family of painters, was born in Antwerp in 1610 and died in 
Brussels in 1694. While still a young man, he established an Academy of Fine Arts 
in his birthplace. He was director of the Gallery at Brussels and was instrumental 
in securing for it many fine works of art which have since made their way into other 
European collections. He found in the scientific and pseudo-scientific background of 
his century a rich field for the portrayal of the vagaries of human nature, in consequence 
of which Teniers the younger, though he by no means confined his work to the subject 
of alchemy, has made a contribution to its pictorial history which constitutes in itself 
a fascinating survey of this section of seventeenth-century history. 
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NE of the problems that confronts the chemiStwho enters industrial 


work, and that should concern chemical edtieators, is’ that of 


continuation education. It is true that industrial positions usually 
necessitate specialization and that special- 
ized knowledge is best acquired on the 
job with the aid of intensive reading in the 
chosen field. However, not every chemist 
is content to devote a lifetime to specialization in the field in which 
he is at the moment employed. Force of circumstances may have 
placed him in work in which he has not a keen interest, or he may per- 
ceive that in order to secure professional and economic advancement he 
will have to fit himself for administration or research direction demand- 
ing a knowledge of fields other than his own. Even the specialist who 
is happy in his chosen specialty cannot fail to be impressed by the 
frequency with which significant advances in his own field are attributable 
to new points of view, new methods of attack, or new technics introduced 
from other and often apparently distantly related fields. The specialist 
at his best is far from being one who comes to ‘‘know more and more about 
less and less.’’ He is, on the contrary, one who focuses all the resources 
of a broad, ever-expanding general knowledge and a versatile mind upon 
a group of closely related problems. 

How, then, shall the industrially employed chemist—both he who 
desires to escape from a narrow specialty and he who desires to specialize 
more effectively —proceed toward the goal in view? Is it possible to do 
so solely by means of self-directed reading and study? Undoubtedly it 
is possible in cases involving an optimum combination of favorable 
circumstances. Among these it would seem that intelligence and ca- 
pacity for self-direction of an unusual order on the part of the student, 
good library facilities, and a fair proportion of leisure time must be in- 
cluded. Even under favorable conditions, however, it may be questioned 
whether a fair general knowledge of an unfamiliar field can be achieved 
without considerable loss of inefficiently applied time and effort. 

What agencies, then, are at hand to aid the industrially employed 
chemist in his continuation education? Some of the larger industrial 
organizations have met the need among their own employees by arrang- 
ing courses conducted by members of their own staffs or by outside 
lecturers. Such arrangements are admirable but obviously are available 
to only a relatively small proportion of the chemists who could make good 
use of them. In some large industrial centers containing universities 
with strong chemical departments, evening courses are offered for the 
benefit of employed chemists. This, again, is an admirable device but 
one which, by reason of geographical limitations and insufficiently 
wide adoption, still leaves many chemists unprovided for. The six- 


Can the Summer Session 
Extend Its Service 
beyond the Teacher? 
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weeks: university summer session so widely patronized by teachers, 
and the leave of absence for return to regular university course work are 
alike utter impossibilities to all save the rarest exceptions among in- 
dustrial chemists. 

It seems that if the universities are to assume fully the entirely legiti- 
mate and proper responsibility of aiding and encouraging their graduates 
in continuation education, the desirability of a type of course different 
from any of these we have already mentioned is indicated. What form 
might such a course take? In view of the limitations we have outlined, 
there can be no doubt that it must be short. The average industrial 
chemist has at his disposal about two weeks of annual leave. It is not 
only proper but wise that at least one of those weeks be spent in pursuits 
and among surroundings entirely dissociated from chemistry. On the 
assumption that a change is often as good as a rest, it would still be 
possible to devote the remaining week to some serious effort at self- 
improvement, without breaking faith with the employer who has a right 
to expect that the vacation shall serve as a recuperative period. How, 
then, can a week be employed most profitably? 

There is, of course, the possibility of devoting it to a rapid survey of 
recent advances over the entire field of chemistry, preferably by means 
of lectures and conferences conducted by a group of recognized authori- 
ties. In most cases, however, this does not truly meet the needs of the 
employed chemist. If he is alert and anibitious, he already has a super- 
ficial notion of what has been going on in chemistry during the past 
year or two. However, his general reading has rarely been intensive 
enough to enable him to come prepared to ask intelligent questions 
and so actually to get his teeth into any of the subjects presented, even if 
the limited time available permitted extended discussion of any one topic. 
He usually finds that he has heard in a week about what he could have 
read in less time with the aid of a selected bibliography and that he has 
got little if anything more from hearing than he could have got from 
reading. 

If, on the contrary, he could prepare by means of a certain amount of 
preliminary reading for a week of concentrated study under one or more 
authorities in a rather limited field about which he desires to know more, 
he could in that short time lay a foundation to which he might add at 
will by future reading. By offering a number of such one-week courses 
to extend over all or a portion of the regular summer-school session, it 
seems that universities would be making a significant contribution 
toward the solution of the industrially employed chemist’s self-improve- 
ment problem. During the coming summer one university at least will 
give such a program atrial. Details concerning the proposed courses are 
to be found on page 380 of the Contemporary News section of this number. 


























LABORATORY INSTRUCTION IN GLASS BLOWING 


Ross A. BAKER, COLLEGE OF THE CiTy OF NEw York, New York City 


Some knowledge of glass blowing is advisable for the student and necessary 
for the teacher and research worker. The value to the undergraduate of the 
ability to construct apparatus warrants definite instruction in glass blowing. 
An introductory course 1s outlined. 


The construction of apparatus has been one of the most neglected 
technics in the American chemical laboratory. 

Students, progressing normally through the four-year sequence of in- 
struction in chemistry, are usually directed to use highly standardized 
pieces of equipment without inquiry as to the relative efficiencies either 
of the materials of construction or of the characteristic forms in which 
they are cast. The production of multitudinous shapes and devices by 
apparatus supply houses is in part responsible for the cookbook attitude 
of the average student, who may become proficient in assembling conven- 
tional set-ups but whose horizon is limited to the stockroom inventory 
list. 

The resourcefulness and initiative of the student as well as his actual 
knowledge of chemistry are notably increased if he is made to feel a re- 
sponsibility for such laboratory set-ups as will most efficiently serve the 
reactions he is directed to study. He should choose, if not actually con- 
struct, his apparatus and should also keep it in repair. If stimulated to 
design and make new forms or to vary existing forms, the student will 
soon find himself equipped with one of the most valuable of research 
tools. 

From the time the freshman first enters the chemical laboratory, the 
misuse of any piece of apparatus should not be tolerated. It is obviously 
one of the teacher’s first duties to instruct his students in the care and 
use of such standard forms as are to be at his disposal during the course. 
He should also make clear the specific limitations and relative advan- 
tages of wood, metals, glass, stoneware, porcelain, rubber, and plastics (1). 
An equally important duty of the laboratory instructor is to give the 
student a feeling of creative power. If existing or available forms do not 
seem to serve the purpose in view, the student (and certainly the instructor) 
should be able and eager to make simple effective pieces of apparatus out 
of appropriate materials. The skills required are usually no more com- 
plicated than the cutting, bending, and soldering of metal, the shaping 
and joining of wood and the manipulation of glass tubing. In final an- 
alysis, the apparatus itself is not so important as the student’s attitude of 
mind which leads to its production. 

While the choice of construction materials is affected by cost, chemical 


_ resistance, mechanical strength, thermal qualities, etc., the prime requisite 
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for chemical apparatus jigs 
transparency. In an ex- 
perimental laboratory where 
unexpected changes must 
be carefully observed, the 
substance under investiga- 
tion should be visible at all 
times; if this is of such 
nature that it must be com- 
pletely enclosed during the 
experiment, as is nearly al- 
ways the case in the chemi- 
cal laboratory, then all or 
part of the container should be transparent. Glass is the only material 
which combines transparency with suitable chemical resistance, mechani- 
cal strength, low cost, and ease of fabrication. In addition, the fact that 
glass is a supercooled liquid guarantees a smooth polished surface, inside 
and out, in the finished product. These advantages far outweigh the 
limitations imposed by its brittleness and thermal weakness. 

The conventional courses in general and analytical chemistry include 
little more glass manipulation than the bending of tubing. Unfortunately, 
the bends made at the beginning of the year are usually carefully preserved 
and used again and again most inappropriately. While the student may 
learn properly to seal the end of a tube in the organic laboratory and to 
handle intricate and costly pieces of apparatus in the physical chemical 
laboratory, his standard method of joining one piece of glass to another 
is through a rubber stopper or tube. And should he break a glass graduate, 
distilling flask, or U-tube, his only recourse is to procure another. The 
instructor contributes his bit by drastically modifying or even omitting 
experiments for which the prescribed apparatus is lacking. This worship 
at the shrine of ready-to-use 
apparatus should be abol- 
ished for the sake of our 
future research workers. 

It is not argued that the 
chemistry student should 
spend any considerable 
amount of time making 
pieces of apparatus which 
can be readily supplied 
through commercial chan- 
nels, but it is urged that Courtesy Eastman Teaching Films, Inc. 
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Jormn1inc Two TuBEsS OF UNEQUAL DIAMETERS 





he learn enough glass blow- CONSTRUCTING A T-TUBE 
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ing to tide him over emer- 
gencies. Only a few basic 
principles need be taught, 
with the sole object of 
enabling the student to 
progress independently if 
necessary. 

The ability to devise and 
construct apparatus is even 
more essential for the teacher 
than for the undergraduate Courtesy Eastman Teaching Films, Inc. 
student. The responsibility JornING A S1pE-ARM TO A DISTILLING FLASK 
for school exhibits, lecture 
demonstrations, stockroom devices, and broken apparatus would indeed be a 
nightmare to one whose only source of T-tubes is an apparatus supply house. 

The rudiments of giass blowing can be mastered surprisingly well 
through observation of an experienced operator, followed by supervised 
practice. A few hours a week for one semester will suffice. If one’s only 
instructor is a printed glass-blowing manual, his mistakes will of course 
be more frequent and costly. Experience in several universities where 
glass blowing is taught as a laboratory subject indicates that excellent 
results are obtained when the instructor demonstrates each operation in 
advance and also places in the hands of his students written instructions 
describing the details. The students then practice, preferably under 
supervision, until they have mastered the operation. A beginner should 
not work before the blow-pipe for more than an hour at a time and when 
nervous should by all means postpone his practice period. 

A recent aid to glass-blowing instruction is the moving picture.* Funda- 
mental technics may be 
filmed under optimum con- 
ditions and then demon- 
strated repeatedly, a unit 
at a time, while the student 
is engaged before the blast 
lamp. Sucha film takes the 
place of an ever-present, 
tireless, and superhumanly 
patient instructor. 

: In a number of educa- 
Courtesy Eastman Teaching Films, Inc. tional institutions, profes- 
CoNVERTING A RounD-BotToM FLASK INTO A BuLB_ sional glass blowers are 











* A 16-mm. film has been released by Eastman Teaching Films, Inc., under the 
title “Glass Blowing Technic.”’ It is accompanied by a Teacher’s Guide. 
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employed in well-equipped shops to supply special equipment for demon- 
strations and research and to keep the general stock in repair. In many 
chemistry departments glass blowing is assigned to some member of the 
teaching staff as a regular part of his duties. In others, glass-blowing 
' equipment is available to any one interested, 
though no attempt is made to give instruction. 

No formal or required course in glass blowing, 
however, can take the place of the cumulative 
experience of the student throughout his chemistry 
course. It is within the power of the instructor 
gradually to develop in him a wonderfully pro- 
ductive attitude. 

The beginning student should be impressed from 
the first with the necessity of having transparent 
connections between operating units of his appa- 
ratus. He should also be taught to put first things 





Courtesy Corning P ° . < 
on" Glass Works first in making set-ups. The size and location of 


A Mottrece Apapter the reaction chamber, be it test tube, retort, or 
CONSTRUCTED FROM AN flask, the unit for heating or cooling, and finally 


ERLENMEYER FLASK , 
the apparatus for collecting the product, are all 


more exacting than the glass tubing, which merely connects and serves 
the other units. The student should by all means form the consistent habit 
of making connections—out of fresh tubing—only after the locations of 
each of the important parts of his apparatus have been determined. The 
bending and attaching of this tubing so as to make efficient and neat 
connections should be considered as merely incidental. Further than this, 
as the set-up is dismantled, each bend should be religiously cut off and 
discarded, while the straight lengths are saved for future use. The wastage 





é; : , jene THONG 
d fi ANURLBO 4 
Courtesy Corning Glass Works 


A PorTABLE Hot-WrreE CutTtinG DEVICE 


is really not excessive and is a very cheap price to pay for the benefit to the 
student. This practice of discarding bends -should be continued until the 
instructor is convinced that the student’s most prized possession is not a 
glass elbow or a delivery tube. 

Experience has shown that proficiency in bending and manipulating 
glass tubing in the freshman laboratory contributes to valuable originality 
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in making all types of set-ups. Before long there is usually a demand on 
the part of the student to be taught something about glass blowing. A 
great opportunity indeed is lost if the laboratory does not provide for this 
important phase. Not only will the glass-blowing lamp keep the excep- 
tional student usefully busy but it will also be a distinct asset to the 
teaching staff in preparing for lecture and class demonstrations, in con- 
structing new set-ups for individual use and in repairing broken apparatus. 

Not long ago a teacher became interested in a group of Boy Scouts who 
were preparing for the chemistry merit badge. Their interest in glass 
blowing once aroused, it was gratifying to see them overcome apparent 
obstacles. They discovered that very excellent bends in glass tubing may 
be made over the gas stove at home or with a gasoline blow torch. Asa 
part of his requirement each one constructed a working Bunsen burner from 
glass tubing mounted on a wooden block. Using two sizes of pyrex tubing 
and boosting the Bunsen flame with oxygen from a rubber balloon, glass 
blast lamps were constructed at a cost of less than ten cents each for 
materials.* Compressed air for his blast lamp was derived by one boy 
‘from his mother’s vacuum cleaner, while two others who lived near a 
garage used an inflated inner tube as their source of supply. When fully 
extended it held enough for over an hour’s run and the garage owner seemed 
glad to furnish the air. 

It does not seem appropriate to discuss here the details of a course in 
glass blowing, since a number of published manuals are available.** 
However, a list of minimum essentials may not be out of place. 


Introduction 


1. Specific properties of metals, stoneware, porcelain, glass, wood, 
rubber, and plastics which limit their use as construction mate- 
rials. 

Sources of materials and equipment. 

Standard forms of chemical apparatus. 

Manufacture of glass. (Soda-lime, Pyrex, Silica). 

Glass-blowing equipment. 

(a) Lamps and tools. 

(b) Sources of compressed air. 


Glass Manipulation 


Cre Co bo 


Cleaning tubing. 

Cutting tubing and bottles. 

Smoothing,f flanging, or grinding edges. 
* These lamps were very similar in form to that described by Almfelt and Beebe (2). 
** For a selected list of manuals written in English see ref. (3). 
t The technic of squaring off the end of a jagged tube by brushing it with a wire 
gauze is not given in any manual. The first reference to it seems to be a note by G. N. 
Quam in the Chemist-Analyst, No. 49, page 12 (Feb.-Mar., 1927). Professor Quam dis- 


gh 


’ claims originality for this remarkably efficient device, but certainly deserves credit for 


having called attention to it. 
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4, Bending tubing. 

Closing the end of a test tube. 

Sealing off the end of a closed tube. 

7. Simple end to end seals. (Testing for relative thermal expansion.) 


Ge & 


8. Drawing and constricting tubing. 

9, Piercing walls of tubes or bulbs. 

10. Blowing bulbs. (a) On end of tube. (b) In middle of tube. 
11. Adapting ready-made bulbs. 

12. Sealing side necks, 

13. Simple “inner’’ seals. 

l4, Joining metals to glass, (Welds and cements.) 

15. Marking glassware, 

16. ‘Trouble shooting.”” (Removing frozen stoppers, thermometers, 


stopeocks, mending broken apparatus, etc.) 
17, Manipulation of accessories (corks, rubber tubing, and stoppers, 
clamps, stopeocks, valves, plastic cement, etc.) 


Fortunately for the laboratory technician, it is possible to purchase stand- 
ard forms and shapes of apparatus in glass of specified composition and 
thermal expansion. Hence it is a simple matter to repair or produce rather 
complicated apparatus by sealing together or modifying the approximately 
required shapes, ready-blown. For example, large bulbs may be made 
from common flasks, while condensers or manometers may be sealed 
directly to reaction systems, and ground-glass joints or stopcocks intro- 
duced as desired. Figures 4 and 5 illustrate simple adaptations easily 
made by students. 

Most inner seals require a degree of skill above that of the amateur. 
It is obvious that the services of a professional should be secured when 
especially difficult types of apparatus are desired or quantity production is 
indicated, 
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GLASS-WORKING EQUIPMENT FOR THE SMALL LABORATORY 


CyHarces B. DeWitt.* Universiry or TENNESSEE, Mempnis, TENNESSEE 


The work of the chemist or the chemistry teacher is often hampered bv lack of 
facilities for simple glass blowing. Directions are given for making several 
types of blast burners from pipe fillings and copper tubing at nominal cost. 
Other items of equipment are described, and a method of annealing finished 


work is given. 


The need for some knowledge of glass blowing is probably felt at times 
by nearly every chemist, and the increasing use of all-glass apparatus for 
both research and demonstration purposes may provide a distinct handicap 
for one whose ability in this line is limited. Nevertheless, many chemists 
cannot make even the simplest seals, and all too many laboratories possess 
no glass-working equipment beyond the wing top and triangular file sup- 
plied to every student. In other places the passing of a staff member who 
could “‘make things’ is mentioned with regret, but his blast lamp corrodes 
on the most inaccessible shelf of the stockroom, and the old foot bellows 
gathers dust and mildew in a morgue of discarded apparatus. 

Sufficient skill for the most common manipulations may be acquired 
without instruction by a reasonable amount of practice following the 
directions of any one of a number of short texts** on this subject. Indeed, 
many chemists lose enough time in a single year improvising makeshifts 
and waiting for the return of small repair jobs to become quite adept. On 
the other hand, nothing can be done without equipment, and there is 
usually small inclination to spend money for apparatus that no one can use 
efficiently. The items of equipment here described may be easily made at 
very small cost and with but few tools and little machine work. The 
simpler ones may prove valuable in even the smaller high schools, and the 
list includes all that is necessary for almost any job that a self-taught 
amateur is likely to tackle. The two items of prime importance are a source 
of compressed air and a suitable blast burner. A means of utilizing a filter 
pump to supply a moderate amount of air under low pressure has been 
recently described in the JOURNAL OF CHEMICAL EpucaTION (1). Placing 
a large bottle in the delivery line to serve as a pressure-regulating reservoir 
improves the efficiency of this device. If more than one blast burner is 
to be operated, a used electric vacuum cleaner is probably the most eco- 
nomical type of blower. 

An attachment for converting a Tirril burner into a blast lamp may be 
made from copper tubing such as is used for gasoline lines and standard pipe 
fittings. The cost is less than fifty cents, and not more than an hour's time 


* Since the acceptance of this paper for publication, the author’s address has been 
changed to the Department of Chemistry, Iowa State College, Ames, Iowa. 
** See list of texts on page 208. 
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is needed for its construction. A sectional view is shown in Figure 1A, 
The materials required are: 


1 3/,” street ell 8” 1/4” copper tubing 

1 3/,” tee 1 straight compression fitting to connect 
1 %/,” to 1/s” bushing the copper tubing to !/3” pipe 

1 3/3” X 6” nipple 


The */3” X 6” nipple is cut in two, three and one-half inches from one end, 
and the hole in the compression fitting is enlarged by drilling through it 
with a '/,” bit so it will slide over the copper 
tube. The air nozzle is made on the copper 
tubing by squeezing one end in a vise toa 
slot about '/:.” wide, setting a small brad in 
the middle of this slot, and then pressing the 
tube entirely together around it. The end of 
the finished nozzle is shown in Figure1B. Two 
or more nozzles with different size openings 
should be made. The parts of the burner are 
assembled as shown in Figure 1A. The com- 
pression nut is screwed down but lightly, so 
that the soft collar is not firmly set on the air 
tube, but makes a leakless joint. Then, by 
loosening this nut, the air tube can be shifted to 
give the adjustment provided by the sliding 
sleeve of the usual blast lamp. The attach- 
ment slips over the tube of a Tirril burner, 
and rests on acork ring. No packing is needed 
to prevent leakage at this connection. The at- 
tachment may be rotated about the burner at 
will, and the flame directed at any desired ver- 
tical angle by turning the tee on the street ell. 
Gas is controlled by the needle valve of the 
burner, and air by a stopcock taken from a 
Ficure 1 broken buret. By use of a Y-connection on 
A—Blast attachment for _ the air tube and two stopcocks, the air may be 
B—En ae eee nozzle. ¢riched with oxygen for working pyrex glass. 
The capacity and convenience of this burner 

will rival that of most blast lamps now sold for less than ten dollars. 

A hand torch, which is a necessity for the construction of any large all- 
glass set-up, can be made almost as easily as the table burner just described. 
Smaller fittings are used and brass stopcocks are needed for control of gas 
and air. The materials needed are: 

1 / XK Ya" XK Ye" tee 1 1/3” X 11/2.” nipple 
1 1/,” X 2” nipple 2 1/3” X 4” nipples 











A) 
% 


ewer 


BASS 


Oa ae Or a a 















ey 


Ms ah, 


? SP. > ams 


7 PP ae 








[moe mo fo 
mh 


| @ 





























Vo 


= 


gle 
of 
op 


us 








» 1932 


‘uy 


1A, 


end, 
gh it 
pper 
pper 
toa 
d in 
x the 
id of 
Two 
ings 
"are 
om- 
» SO 
> air 
by 
d to 
ling 
1ch- 
ner, 
ded 


r at 
yer- 


all- 
ed. 
yas 














Vor. 9, No. 2 GLASS-WORKING EQUIPMENT 211 


2 1/,” stopcocks with lever handle and 
female thread 

8” 3/1,” copper tubing 

1 straight and 1 ell compression fitting 
for 3/1.” tubing and '/3” pipe 


The construction is shown in Figure 2. 
This burner may be adapted for table 
use by attaching it to a sawed-off ring 
stand with a swivel clamp holder. 
The “cross fires’ used by professional 
glass blowers can be duplicated by 
screwing the gas cocks of two or more 
of these torches into a single gas feed 
line, and mounting two such batteries 
opposite each other. 
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FiGuRE 2.—HanpbD TorcH 


For the manipulation of pyrex glass and for other work where oxygen is 
used and maximum temperature is desired, best results are obtained by 





FicurE 3.—TorcH IN WuiIcH GAS AND 
OxyGEN ARE MIXED IN THE Bopy OF THE 
BuRNER 


A—Two-piece hose end 

B-——Stopcock 

C—Street ell 

D—Tee 

E—Compression tee 

F--Copper tubing 

G—Fine-mesh brass screen 

H—Loose wad of fine copper turnings or 
- coarse steel wool 

I—Fine-mesh brass screen 


mixing the gas and oxygen in the 
body of the burner rather than at 
the nozzle. A torch of this pattern 
is shown in Figure 3. The figure 
shows this torch with a double 
head, which is very useful for seal- 
ing tubes end to end, tor blowing 
bulbs, or for other operations re- 
quiring that tubes more than a 
half inch in diameter be uniformly 
heated over their entire circum- 
ference. This can be easily re- 
placed by a single tip when the 
work at hand requires it. The 
fittings needed are: 
2 two-piece hose ends A 
2 1/3” stopcocks, lever handle and 
male thread B 
1 1/5” street ell C 
1 1/3,” tee D 
1 1/3” to '/,” compression tee 
1/,” copper tubing 
1 1/3” to 1/4” straight compression 
fitting for single tip 
The stopcocks are placed so that 
the handles are on the same side 
of the torch body, 7. e., each is 
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moved one quarter turn from the position indicated in the figure. To 
insure thorough mixing of gas and oxygen small disks of fine-mesh brass 
screen are placed at J and in the oxygen line at G, and a loose wad of 
fine copper turnings or coarse steel wool is placed at 7. The tips may 
be made like the air nozzles described above, but for some purposes 
a wide flat tip made by pressing the tube on a metal strip about '/3)” thick 
is to be preferred. For large work, tips may be made from */s” copper 
tubing. This has the same outside diameter as '/s” pipe, so may be threaded 
and screwed directly into the torch body. It is necessary that the con- 
stricted portion, whether round or flat, be two or three times as long as on 
the smaller tips. 

The fish tail burner usually used for bending tubing is altogether inade- 
quate for the large sizes, and even when mounted in sets is not entirely 
satisfactory because of uneven heating. A blast burner for this purpose is 


























FIGURE 4.— BLAST BURNER FOR BENDING TUBING OF LARGE SIZES 


shown in Figure 4. Three rows of holes are drilled as shown in a ten-inch 
piece of '/2” brass pipe. The holes in the center row are !/\5” and those in 
the other rows are !/3.”._ A metal tube that is a sliding fit on the pipe 
permits closing part of the holes to give any length of flame desired. 
Air and gas are controlled by separate stopcocks, and the burner is 
mounted on a floor flange that is screwed to the table or to a suitable wooden 
base. This type of burner in larger sizes is widely used by the makers of 
neon signs. The size described is about as large as can be used with the 
stopcocks ordinarily found on laboratory gas lines. Bending large or thin- 
walled tubes can be greatly facilitated by filling the portion to be heated 
with clean fine sand held in place by a cotton plug at each end. Long 
bends should be made with the tube laid flat on a piece of asbestos. The 
sand keeps the glass soft enough to work for a considerable time and tends 
to prevent the development of strains by retarding the cooling. Asbestos 
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fiber is sometimes used 
for the same purpose, 
but filling a tube with it 
isa slow process, and its 
removal is often difficult. 
The sand is easily shaken 
out when the cotton plugs 
are removed and the 
amount that adheres to 
the soft glass is very 
slight. 

The operation of a 
blast lamp with natural 
gas is difficult because of 
the ease with which the 
flame is blown out. The 
usual method of prevent- 
ing this is to mix a little 
air with the gas before it 
enters the burner. An 
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FIGURE 5.—ELECTRICALLY HEATED RESISTANCE WIRE 





A—Spring brass contact strips 
B—Pivot 

C—Binding post 

D—No. 26 Chromel wire 
E—Leads to current supply 


equally efficient method is to pass the gas through a small wash bottle con- 
taining high-test gasoline. This permits close duplication of the flame range 
obtained with coal gas and produces a higher temperature. It also permits 
adjustment to a smoky flame for giving work a protective coating of soot. 
Its value for enriching an unusually lean mixture of gasoline gas is obvious. 
For cutting large tubing, particularly of pyrex glass, the electrically 
heated resistance wire is generally recognized as the most efficient method. 
Several ways of mounting this unit have been described. The modification 
shown in Figure 5 permits the tube to be placed in position from the top 
instead of being inserted from the end, and pro- 
vides for automatic closing of the circuit when 
pressure is placed on the wire. A small trans- 
former of the type used with toy railway systems is 

an almost ideal current regulator for this device. 

















UY ge aes | 
’ Figure 6.—CooLinG 
TRAYS 


The annealing of finished work often presents 
almost as much trouble to the inexperienced as the 
making of a satisfactory joint. The directions 
frequently given provide that the pieces should 
be well coated with soot before they are put to- 
gether, and that all the nearby area should be 
kept hot while the joint is being worked to shape. 
When the seal is finished, it is uniformly heated ina 
large brush flame until the soot is burned away, and 
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then immediately resmoked. It is next slowly cooled in the hot air aboye 
the burner, and finally wrapped in cotton for complete cooling. The proc. 
ess consumes considerable time, and troubles beset the novice at every 
step. The hot glass may sag out of shape while his attention is given to 
adjusting the burner; the brush flame may soften the glass enough to cause 
collapse; careless or hasty manipulation above the burner in the cooling 
stage may cause strains to develop that will defeat the purpose of the 
entire operation; and finally the hot glass may set the cotton afire with the 
almost certain destruction of the finished piece. Most of these dangers 
can be avoided by providing two extra burners for the heating operations, 
and replacing the cotton wrapping with a cooling tray filled with asbestos 
fiber. A Fisher burner is very good for the general heating, and a Tirril 
burner with a wing top for the smoking. The former should be adjusted to 
a yellow flame for working soft glass and to its maximum temperature 
for pyrex. Gas for the Tirril may be enriched with gasoline as described 
above. The cooling trays are made of sheet metal cut in the shape shown 
in Figure 6 and with the sides turned up along the dotted lines. A sheet 
of asbestos is placed in the bottom and covered with a quantity of asbestos 
fiber. The U-shaped notches accommodate pieces longer than the tray. 
Annealing pyrex glass is sometimes omitted altogether, but the beginner 
will find the general heating of a joint advisable though smoking and 
wrapping are unnecessary. 
Literature Cited 
(1) HosHA tt, ‘Apparatus for Supplying Air under Pressure,’ J. Coem. Epuc., 7, 2674 
(Nov., 1930). 


Goggles for precision glass blowing. Assuring maximum protection and comfort 
for the eyes, while at the same time offering perfect observation of the incandescent 
work in or out of the flame, the Burgess-Parr glass blower’s goggles are an important 
contribution toward precision glass blowing. 

The new goggles are based on the use of a special didymium glass which possesses the 
unique characteristic of transmitting all light except the objectionable yellow glare from 
incandescent glass. The pinkish lenses are mounted in a newly designed bakelite frame 
which provides comfort, eliminates the transmission of heat to face and ears, and is 
strictly non-inflammable. Also, the lenses are adequately protected against accidental 
breakage. 

Although the lenses appear surprisingly transparent to most light, they are never- 
theless completely opaque to the particular glare of incandescent sodium glass, thereby 
entirely eliminating the only serious and bothersome light encountered in working glass. 
The transparency to other light makes it entirely practicable to wear the goggles indefi- 
nitely, since they do not materially interfere with normal vision when looking for objects 
on the work bench or elsewhere. When observing a piece of glass in the flame, one sees 
only the red glow of the glass. Not only are the eyes greatly relieved, but far more 
accurate work is possible since the exact outline of the glass can be seen at all times, 
Much time is also saved. 

The goggles are also suitable in cyanide case hardening, eliminating the terrific glare. 
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THE DISCOVERY OF THE ELEMENTS. 


IV. THREE 


IMPORTANT GASES* 


Mary ELvirA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


Chemists of the eighteenth century were intensely interested in “air,’”’ which 
they prepared by fermentation, by heating various chemical compounds, and 
by allowing substances of vegetable and animal origin to putrefy. Gradualiy 
the idea dawned that, as Priestley expressed it, there are ‘‘different kinds of air,” 
and that Cavendish’s “inflammable air from metals’ is quite different from 


Daniel Rutherford’s ‘‘mephitic air’ and from Scheele’s ‘‘fire air.” 


The 


preparation and recognition of the three gases, hydrogen, nitrogen, and oxygen, 


required true genius. 


“The generality of men are so accustomed to judge of things by 
their senses that, because the air is invisible, they ascribe but litile 
to it, and think it but one remove from nothing.”’ (1) 


In the latter part of the seventeenth 
century, Johann Joachim Becher and 
Georg Ernst Stahl advanced a peculiar 
theory of combustion that held sway 
over the minds of chemists for nearly 
a hundred years. They maintained 
that everything that can be burned 
contains a substance, phlogiston, 
which escapes in the form of flame 
during the combustion, and until 
Lavoisier overthrew this theory in 
1777, practically all chemists believed 
that a metal consists of its calx, or 
oxide, and phlogiston. It was in this 
period of chemical history that the 
gases hydrogen, nitrogen, and oxygen 
were discovered. 


Hydrogen 


Hydrogen was observed and col- 
lected long before it was recognized as 
an individual gas. Paracelsus (1493- 
1541) noticed the effervescence that 
occurs when iron is treated with dilute 
sulfuric acid, and mentioned in his 





From Bugge's ‘“‘Das Buch der grossen Chemiker”’ 


GeEorG ERNsT STAHL 
1660-1734 

German chemist, physician and 
professor. Cofounder of the phlogis- 
ton theory of combustion. Author 
of ‘‘Fundamenta Chymiae Dogmaticae 
et Experimentalis.’”” He distinguished 
between potash and soda and recog- 
nized that alum contains a peculiar 

earth different from all others. 


“Archidoxa”’ that ‘‘Luft erhebt sich und bricht herfir gleichwie ein Wind’’ (2). 
Van Helmont, Boyle, Mayow, and Stephen Hales all had some slight 


* Illustrations by F. B. Dains, The University of Kansas, Lawrence, Kansas. 
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acquaintance with hydrogen, and Nicolas Lémery described it in 1700 in 
the Mémoires of the Paris Academy (2). In the pharmacopeia published 
by Turquet de Mayerne in the following year, the inflammability of the gas 
is mentioned (2). 

The name most closely associated with the early history of hydrogen 
is that of Sir Henry Cavendish. Although he was a descendant of the 
Dukes of Devonshire and the Dukes of Kent, he was born at Nice; for his 
mother, Lady Anne Cavendish, had gone to France for the benefit of the 
mild climate. The date of his birth is given as October 10, 1731. The un- 
fortunate death of Lady Cavendish 
two years later, and the consequent 
lack of maternal affection in the 
young child’s life may account in 
some degree for the abnormal shyness 
and ungregariousness of the man. 
At the age of eleven years Henry 
Cavendish entered Dr. Newcome’s 
school at Hackney, and from 1749 
to 1753 he attended Cambridge 
University. Although he lacked only 
a few days of the necessary residence 
requirements, he left Cambridge with- 
out receiving a degree (3). 

During his father’s lifetime Caven- 
dish lived on a meager allowance, 
but, upon his father’s death in 1783, 
he received an enormous inheritance. 
JOHANN ao Not long after this an aunt died, 
Caniesiie: dinate haa Caliaialiien, leaving him another large legacy. 
Cofounder of the phlogiston theory. Thus he became, as Biot said, “‘Je plus 
pi Nee ig eke Seems” riche de tous les savants et le plus 
Stahl summarized his views on com- savant de tous les riches” (4). Since 
—— in a book entitled “Specimen Cavendish lived very modestly, the 

echerianum. : A 

interest on his money accumulated 
until, at the time of his death, he was the largest depositor in the Bank 
of England (5). 

It may be said without exaggeration that, of all great personages of 
scientific history, Sir Henry Cavendish was the most singular. He was shy 
and awkward among strangers, and to lim all men were strangers. The 
only social contacts he ever made were at the meetings of the Royal 
Society and at the Sunday evening receptions which Sir Joseph Banks was 
accustomed to give for the scientists in London. Cavendish spoke falter- 
ingly in shrill tones and was unable to converse with more than one person 
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at a time; yet, because of his broad 
knowledge and clear reasoning, the 
members of the Royal Society all 
recognized him as a superior. Dr. 
Thomas Thomson in his well-known 
“History of Chemistry’’ cites a strik- 
ing example of Sir Henry’s extreme 
fear of publicity. Dr. Ingenhousz 
once brought as his guest to the home 
of Sir Joseph Banks a distinguished 
Austrian scientist, whom he introduced 
to Cavendish with extravagant praise. 
The foreign guest, in turn, became 
profuse in his flattery of Cavendish, 
stating that he had come to London 
with the express purpose of meeting 
such a distinguished scientist, where- 
upon Cavendish, at first embarrassed, 
then utterly confused, darted through 
the crowd to his waiting carriage 
(5). 

A few scientists, however, knew how 
to overcome Sir Henry’s diffidence, 
and of these perhaps the most suc- 
cessful was Dr. Wollaston. ‘“The way 
to talk to Cavendish,” said he, “‘is 
never to look at him, but to talk as 


THE DISCOVERY OF THE ELEMENTS. IV 








Sir HENRY CAVENDISH 
1731-1810 


(The only known portrait.) 


English chemist and physicist. Ad- 
herent of the phlogiston theory. He 
was the first to distinguish hydro- 
gen from other gases, was an inde- 
pendent discoverer of nitrogen, and es- 
tablished the chemical constitution of 
water. 


it were into vacancy, and then it is not unlikely but you may set him 


going”’ (6). 


In spite of his love of solitude, Sir Henry was not lacking in interest in 
the researches made by others. He presented young Humphry Davy with 
some platinum for his experiments, and went occasionally to the Royal 
Institution to see his brilliant experiments on the decomposition of the 


alkalies (6). 


and in discussion wonderfully acute 


Sir Humphry said later in his eulogy of Cavendish, 


Upon all subjects of science he was luminous and profound; 
....His name will be an object 


of more veneration in future ages than at the present moment. 
Though it was unknown in the busy scenes of life, or in the popular 
discussions of the day, it will remain illustrious in the annals of science, 
which are as imperishable as that nature to which they belong; and 
it will be an immortal honour to his house, to his age, and to his 


country (7). 


. Sir Henry dressed like an English gentleman of a bygone day. He 


wore a cocked hat and a gray-green coat with a high collar and frilled cuffs. 
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His costume and personality are well depicted in the famous Alexander 
portrait, sketched hastily at a dinner without Sir Henry’s knowledge, 
Cavendish had three residences: one near the British Museum, furnished 
mainly with books and apparatus; another in Dean Street, Soho, contain. 
ing his main library, which he generously placed at the disposal of al 
scholars who wished to use it; and a third dwelling known as Cavendish 
House, Clapham Common. This suburban home at Clapham, his favorite 





From Edward Smith's “Life of Sir Joseph Banks" 
Lapy BANKS Sir JosepH BANKS 


(From a Wedgwood cameo, attributed to Flaxman.) 


Sir Joseph Banks, 1743-1820. English naturalist and collector of plants and insects. 
President of the Royal Society from 1778-1820. His collections of books and natural 
history specimens were bequeathed to the British Museum. Lady Banks used to 
assist him in giving frequent receptions for the scientists of London. 


residence, he converted almost entirely into workshops and laboratories 
(8). 

Many historians of chemical progress mention Cavendish as the discoverer 
of hydrogen, but he himself made no such claim. In fact he made this clear 
by prefacing his remarks on the explosibility of a mixture of hydrogen and 
air with the words, “‘...it has been observed by others...’’ He was, however, 
the first to distinguish hydrogen from other gases by the descriptive term, 
‘inflammable air from the metals.” His accurate description of its proper- 
ties and his methods of obtaining the pure gas from different sources were 
scientific contributions of the first rank. He had, however, the mistaken 
idea that the hydrogen came from the metal rather than from the acid (9). 
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He at first identified 
hydrogen with phlo- 
giston, but later 
thought it was a 
compound of phlogis- 
ton and water. 
Cavendish’s death 
was as lonely as his 
life. He lived to the 
age of seventy-nine 
years, and then, one 
day, feeling the ap- 
proach of death, he 
asked an attendant 
servant to leave the 
room and not return 
until a specified time. 
When the servitor 
returned, he found 
his great master dead 
(10). Sir Henry Ca- 
vendish was given 


the honor of a public 
funeral and burial in From Thorpe’s “Scientific Papers of the Hon. Henry Cavendish”’ 











All Hallows Church CavENDISH’s House aT CLAPHAM 

near the tomb of his 

philanthropic ancestor, Elizabeth Hardwicke. He lived a blameless life, 
unselfishly devoted to the advancement of science. His researches included 
electricity, astronomy, meteorology, and chemistry, and he was also well 
versed in mathematics, mining, metallurgy, and geology. He was a great 
scientist in the fullest sense of the word. 


Nitrogen 


The discovery of nitrogen was announced in a doctor’s dissertation by 
Daniel Rutherford, an uncle of Sir Walter Scott (11). He was the son of 
Dr. John Rutherford, one of the founders of the Medical School at Edin- 
burgh, and was born in that city on November 3, 1749. Preparatory to 
entering his father’s profession, he graduated from the Arts course at the 
University of Edinburgh, and on September 12, 1772, he received the 
degree of doctor of medicine. His dissertation was the result of a research 
suggested and directed by the famous Scottish chemist, Dr. Joseph Black. 
Dr. Black had noticed that when a carbonaceous substance was burned, a 
certain amount of air remained even after the ‘‘fixed air’ (carbon dioxide) 
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had all been absorbed by caustic potash. He therefore gave to Rutherford 
the problem of studying the properties of this residual “‘air’”’ (12). 
Rutherford found that when a mouse was left in a confined volume of air 
until it was dead, one-tenth of the volume disappeared; and that when the 
remaining air was treated with alkali, it, in turn, lost one-eleventh of its 
volume. After thus removing the ‘‘dephlogisticated air and fixed air” 
(oxygen and carbon dioxide), he studied the properties of the residual gas. 
He found it very difficult ‘to completely saturate air with phlogiston,” 
(to remove all the oxygen), for after a mouse had died in it, a candle would 
burn feebly, and after the flame had 
flickered out, lighted tinder or phos- 
phorus would continue to glow. His 
best results were obtained by burning 
phosphorus in the confined air. 
Since the residual gas did not support 
life, he called it ‘“‘mephitic,”’ or 
poisonous, air. He did not realize, 
however, that his “‘mephitic air,” or 
nitrogen, as it is now called, is the 
constituent of the atmosphere that 
remains after removal of the oxygen 
and carbon dioxide. He thought 
that the ‘‘mephitic air’’ was atmos- 
pheric air that had taken up phlogis- 
ton from the substance that had 
been burned. According to Ruther- 





ad ; : ; 
From Ramsay's “The Gases ford, ‘‘....this conjecture is confirmed 

he Atmepnee by the fact that air which has served 

DantgL RUTHERFORD, 1749-1819 for the calcination of metals is similar, 


Scottish physician, botanist, and and has clearly taken away from 

chemist. Discoverer of nitrogen. 4 A 

Professor of botany at Edinburgh. them their phlogiston.” He thought 

ae Rdinbsche Collegeof Phy- that the “air” (hydrogen) obtained 

by the action of acids on metals 
contained more phlogiston than the ‘air’ (nitrogen) remaining after 
combustion. Rutherford’s epoch-making thesis, bearing the title, ‘‘Dzs- 
serlatio Inauguralis de Aere fixo, dicto aut mephitico,” is preserved in the 
British Museum (12). 

After completing his medical course, Dr. Rutherford traveled for three 
years in England, France, andItaly. Upomreturning to Edinburgh in 1775 
he began his medical practice, and never again engaged in chemical 
research. Eleven years later he accepted the chair of botany at Edinburgh, 
but continued to practice medicine. He served for a time as president of the 
Royal College of Physicians of Edinburgh. Dr. Rutherford had a pleasant 
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disposition, and displayed 
true loyalty and friendship 
toward his honored teacher, 
Dr. Black (12). 

Although most authorities 
agree that Dr. Rutherford 
was the discoverer of ni- 
trogen, it would be unfair to 
disregard the contributions 
made by Scheele and Caven- 
dish. Scheele obtained ni- 
trogen at about the same 
time by absorbing the oxygen 
of the atmosphere in liver of 
sulfur or a mixture of sulfur 
and iron filings (13). One of 
Cavendish’s papers, written 
before 1772 and marked in 
his handwriting “‘communi- 
cated to Dr. Priestley,” de- 
scribes his method of prepar- JoserH BLacK, 1728-1799 
ing “‘mephitic air” by passing Scottish chemist, physicist, and physician. 


: : Professor of chemistry at Glasgow. He dis- 
atmospheric - repeatedly covered carbon dioxide (‘fixed air’), and dis- 


over red-hot charcoal, and tinguished between magnesia and lime. He dis- 
then removing the carbon covered the latent heats of fusion and va- 
ee p iia porization, measured the specific heats of many 
dioxide by absorbing it in substances, and invented the ice calorimeter. 


caustic potash. He studied 

the properties of nitrogen carefully, as shown by this accurate description: 
“The specific gravity of this air was found to differ very little from that of 
common air; of the two it seemed rather lighter. It extinguished flame, 
and rendered common air unfit for making bodies burn in the same manner 
as fixed air, but in a less degree, as a candle which burnt about 80” in pure 
common air, and which went out immediately in common air mixed with 
6/5 of fixed air burnt about 26” in common air mixed with the same portion 
of this burnt air’ (14). Thus Scheele and Cavendish were independent 
discoverers of nitrogen. 





Oxygen 


Many books have been written about the discovery of oxygen. The 
Orientalist, Heinrich Julius Klaproth, a son of the famous German chemist, 
Martin Heinrich Klaproth, found a reference to this gas in a Chinese book 
written by Mao-Khéa about the middle of the eighth century after Christ. 
Mao-Khéa believed that the atmosphere is composed of two substances: 
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Yann, or complete air (nitrogen), and Yne, or incomplete air (oxygen). 
Ordinary air can be made more perfect by using metals, sulfur or carbon to 
rob it of part of its Yne. He said that when these substances burn in air, 
they combine with the Yne, which, according to Mao-Khéa, never occurs 
free, but is present in certain minerals and in saltpeter, from which it can 
be driven out by heating (15), (34). Signor Muccioli (36), however, has 
recently questioned the authenticity of this Chinese manuscript. 

The first European to state that air is not an element was the versatile 
artist-scientist, Leonardo da _ Vinci 
(1452-1519). Leonardo, keen observer 
that he was, noticed that air is con- 
sumed in respiration and combustion, 
but that it is not completely consumed 
(15), (35). 

Robert Hooke (16), in his famous 
book ‘“‘Micrographia’’ published in 
1665, gave a complete theory of com- 
bustion. He thought that air contains 
a substance (oxygen) that exists in 
solid form in saltpeter, and a larger 
quantity of an inert substance (ni- 
trogen). Dr. John Mayow, when only 
twenty-four years of age, explained 
combustion by saying that air contains 
a Spiritus nitro-aereus (oxygen), a gas 

that is consumed in respiration and 

iaulehaiiiuinesine: 99 Te munegil burning, with the result that substances 
LEONARDO DA VINCI A : : 

1452-1519 no longer burn in the air that is left. 

(From a drawing in red chalk by He thought that his Spiritus was pres- 
himself. Inthe Royal Library, Turin.) ent in saltpeter, and stated that it 
Italian artist, sculptor, anatomist, and : ; s 
scientist of the first rank. Pioneer in €Xisted, not in the alkaline part of the 
mechanics and aeronautics. The first salt, but in the acid part. According 
European to recognize that the atmos- ‘ . 
phere contains at least two constituents. tO Dr. Mayow, all acids contain the 

Spiritus, and all animals absorb it into 
their blood as they breathe (17). T. S. Patterson, however, who has re- 
cently made an exhaustive study of Dr. Mayow’s writings, believes that 
his contributions to the theory of combustion have been greatly over- 
estimated (18). 

The first person to prepare oxygen by heating saltpeter was Ole Borch, 
but he did not know how to collect it (19). Stephen Hales prepared the 
gas in the same manner and collected it over water, but thought he had 
ordinary air; he did not believe in the existence of a “‘vivifying spirit” in 
the atmosphere (19). In April, 1774, there appeared in Abbé Rozier’s 
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From Gunther's ‘Early Science in Oxford,”’ Vol. 7 
ROBERT HooKE’s HoME, MONTAGUE House, WHICH AFTERWARD BECAME THE FIRST 
HoME OF THE BRITISH MUSEUM 











Journal de Physique a remarkable paper by Pierre Bayen, a pharmacist 
and medical inspector in the armies of the French Republic. In discussing 
his experiments with mercuric oxide, Bayen stated that, when mercury is 
calcined, it does not lose phlogiston, but combines with a gas and increases 
in weight. He thus rejected the phlogiston theory three years before it 
was proved false by Lavoisier (20). 

Bayen, however, like all his predecessors who had handled oxygen, 
neglected to make a thorough study of its properties and failed to recognize 
it as a new substance. As Patterson says, he “‘...cannot therefore be re- 
garded as having discovered it, and this applies with greater force to other 
unconscious preparations of oxygen by Hales and possibly by Robert 
Boyle, and, of course, still more strongly to the vague speculations of 
Hooke and Mayow”’ (18). 

Most chemists agree that the actual discovery of oxygen was made 
independently at about the same time by Priestley in England and Scheele in 
Sweden. Priestley’s results, to be sure, were published before those of 
Scheele, but Scheele’s publisher had been inexcusably negligent. The 
question of priority is discussed in a thorough manner'in Dr. Jérgensen’s 
book, ‘Die Entdeckung des Sauerstoffes,’’ which has been translated from 
Danish into German by Ortwed and Speter. 

Joseph Priestley was born in Fieldhead, a tiny hamlet near Leeds, on 
March 13 (old style), 1733, and was therefore about one and one-half 
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years older than that other 
great pioneer in pneumatic 
chemistry, Sir Henry Caven- 
dish. Although Priestley and 
Cavendish had similar scien- 
tific interests, their lives and 
personalities offered the great- 
est possible contrast. Since 
Priestley’s mother died when 
he was only six years old, he 
was entrusted to the care of an 
aunt, Mrs. Keighley, of whom 
he afterward said that she 
“‘knew no other use of wealth, 
or of talents of any kind, than 
to do good”’ (21). 

At the age of nineteen years 
he was sent to the Dissenting 
Academy at Daventry to be 
educated for the liberal minis- 
try. After completing the 
three-year course, he minis- 
tered to congregations at Need- 

1645-1679 ham Market and later at Nant- 

English chemist and physician, who died quite wich, but with small success. 
young. Famous for his early researchesoncom- [In 1761 he received an ap- 
bustion and respiration. His theory of combus- 


tion is described in his tract entitled “De Sale ointment as teacher of lan- 
Nitro et Spirito Nitro-aereo’’ published in 1669. guages in the Dissenting 


Academy at Warrington, and 
taught Latin, Greek, French, Italian, oratory, and civil law. Although 
these subjects were only distantly related to the science in which he 
later won undying fame, Priestley’s scientific spirit manifested itself even 
here—he encouraged absolute freedom of speech among his students. 

Even when struggling with poverty at Nantwich, Priestley loved to 
make experiments; and from his meager salary he purchased an air-pump 
and an electrical machine. In 1766 an event occurred that caused him to 
devote the rest of his life to scientific research. That event was his intro- 
duction to the great American statesman and scientist, Benjamin Franklin. 
Not long after this meeting, Priestley accepted a pastorate at Leeds. Since 
the parsonage happened to be located next door to the Jakes and Nell 
Brewery, the Reverend Mr. Priestley had a convenient source of “‘fixed air” 
for his experiments. He soon discovered the pleasant taste of water 
charged with this gas, and recommended the refreshing beverage to his 
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THE STUART PORTRAIT OF JOSEPH PRIESTLEY, 1733-1804 


_ English clergyman-chemist who emigrated to America because of religious and 
political intolerance. Co-discoverer of oxygen. Pioneer in pneumatic chemistry. 
Defender of the phlogiston theory. 
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friends. Hence he was really 
the founder of the carbonated 
beverage industry (22). 
From 1772 to 1779 Priestley 
served as literary companion 
to Lord Shelburne. His most 
important chemical experi- 
ments, culminating in the 
discovery of oxygen, were 
made during this period, and 
his book entitled ‘‘Experi- 
ments and Observations on 
Different Kinds of Air’’ was 
therefore affectionately dedi- 
cated to Lord Shelburne. 
In 1780 Priestley became 
minister to a large metro- 
politan congregation in Birm- 
ingham. Here he was con- 
tented in his ministry and 
happy in his association with 


_such men as Watt, Wedg- 


wood, and Darwin at the 
meetings of the Lunar So- 
ciety, which met on the first 
Monday evening after each 
full moon in order that the 
members might find their way 
home through the unlighted 


streets. While at Birmingham he completed his six-volume work on 


“Different Kinds of Air.’ 


The struggles of the American and French revolutionists aroused 
Priestley’s sympathy, and he was no dissembler. On July 14, 1791, about 





eighty persons had a dinner at a Birmingham hotel in observance of the 
second anniversary of the fall of the Bastille. A mob shattered the windows 
with stones. Although Priestley did not attend the dinner, his political 
views were well known. The fanatics broke up the meeting at the hotel, 
surged through the streets of Birmingham, burned Priestley’s church, home, 
and library, and shattered his apparatus. Even then their thirst for 
violence was not satiated, and furious rioting continued for three days. 
Before the dragoons were at last able to disperse the mob and restore order, 
the homes and churches of many dissenters had become charred ruins (23). 
With the aid of friends, the Priestley family escaped without personal 





ee ee ee ee ee ee ew 








Voi. 9, No. 2 


injury. After three unhappy 
years in London, they finally 
succeeded in collecting a small 
indemnity from the British 
Government, and emigrated 
to America (23). Priestley’s 
last days were spent in the 
peaceful town of Northum- 
berland, Pennsylvania, where 
he worked without interfer- 
ence at his beloved experi- 
ments (33). He died on Feb- 
ruary 6, 1804, and was buried 
in the Quaker cemetery at 
Northumberland. 

Priestley found that some 
gases can be collected over 
water, while others must be 
collected over mercury, and 
concluded that there must be 
different kinds of ‘‘airs.”” On 
August 1, 1774, he heated 
mercuric oxide with a burning 
glass, liberated a gas, ‘‘de- 
phlogisticated air’ (oxygen), 
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DEDICATION OF PRIESTLEY’S ‘EXPERIMENTS 


AND OBSERVATIONS ON DIFFERENT KINDS OF 
Air,” 1774 


and collected it over water. In an atmosphere of this gas, substances burned 


more brilliantly than in air. 


Five years later he tested the respirability of 


his “‘dephlogisticated air” by mixing it with nitric oxide over water. He 
found that much more nitric oxide was required to render a given volume of 
‘‘dephlogisticated air” unfit for a mouse to breathe than for an equal volume 
of atmospheric air. His description of the experiment is charmingly naive: 


My reader will not wonder that, after having ascertained the 





superior goodness of dephlogisticated air by mice living in it, and the 
other tests above mentioned, I should have the curiosity to taste it 
myself. I have gratified that curiosity by breathing it, drawing it 
through a glass syphon, and by this means I reduced a large jar 
full of it to the standard of common air. The feeling of it to my lungs 
was not sensibly different from that of common air, but I fancied that 
my breast felt peculiarly light and easy for some time afterwards. 
Who can tell but that, in time, this pure air may become a fashionable 
article in luxury? Hitherto only two mice and myself have had the 
privilege of breathing it (24). 


On the one hundredth anniversary of the discovery of oxygen, a large 


audience assembled in Birmingham for the unveiling of a statue of Joseph 
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From Priestley’s ‘‘Experiments and Observations on Different Kinds of Air,’’ 1774 and 1790 
See references (9) and (22) 


PRIESTLEY’S APPARATUS FOR STUDYING THE COMPOSITION OF THE ATMOSPHERE 


Fig. 1, a, Earthenware pneumatic trough, 8” deep; 0), flat stones, which in his later 
wooden trough were replaced by a shelf for holding the jars; cc, jars, 10” 21/2", for 
collecting gases; d, tall beer glass containing enough air to sustain a mouse for from 20 
to 30 minutes, and “something on which it may conveniently sit, out of reach of the 
water.’”’ The mouse was introduced by passing it quickly through the water. ¢, 
gas generator heated by a candle or a red-hot poker. 

Fig. 2, “‘Pots and tea-dishes”’ to slide under the gas-filled jars when removing them 
from the trough. 

Fig. 3, Receiver for keeping the mice alive. It was open at top and bottom, ex- 
cept for plates of perforated tin, the lower of which stood on a wooden frame to permit 
circulation of air. To avoid chilling the mice, this receiver was kept on a shelf over the 
kitchen fireplace. 

Fig. 4, Cork for closing a phial of solid or liquid which must be transferred, without 
wetting the contents, to a jar of gas in the pneumatic trough. 

Fig. 5, Wire stand for supporting a gallipot inside a jar of gas. 

Fig. 6, Funnel for “pouring air’’ into a glass jar by displacement of water. 

Fig. 11, Glass cylinder for admitting a candle to test the ability of the gas to support 
combustion. 

Fig. 12, a, Wax candle, bent for introducing it into a vessel, with the flame upward; 
b, wire; c, candle to be held under a jar standing in water. It was removed the instant 
the flame was extinguished, to avoid contamination of the gas in the jar with smoke. 
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Frontispiece of Priestley’s ‘Observations on Different Kinds of Air,” 1774 and 1790 
See references (9) and (22 


PRIESTLEY’S LABORATORY 


Fig. 7, Apparatus for expelling gas from solids. The fireplace was used for heating 
a gun barrel containing dry sand which had previously been ignited. The open end 
of the gun barrel was luted to the stem of a tobacco pipe leading to a trough of mercury. 

Fig. 8, a, Trough containing an inverted cylinder, b, of mercury; c, a phial containing 
substances from which a gas may be liberated; d, glass trap to intercept moisture. 

Fig. 9, Bladder for transferring gases. It contained a bent glass tube at one end 
and at the other a one-hole cork to admit a funnel. After the gas had been admitted, 
the bladder was tied tightly with string. 

Fig. 10, a, Apparatus for impregnating a fluid with gas; 5, bowl containing a quan- 
tity of the same fluid; c, phial containing chalk, cream of tartar, or pearlash, and dilute 
sulfuric acid for generating carbon dioxide; d, flexible leather tube, which permitted 
Priestley to shake the gas generator, c. 

Fig. 13, Siphon. 

Fig. 14, Evacuated bell jar. 

Fig. 15, Apparatus for measuring small quantities of gas in his experiments with 
“nitrous air” (nitric oxide). a, small glass tube; 6, wire; c, sharply bent, thin plate 
of iron for withdrawing the wire. This little apparatus was introduced under water 
into a jar of nitric oxide, and when the wire was withdrawn, nitric oxide took its place. 
Priestley measured the lengths of the columns of air, of nitric oxide, and of the resulting 
nitrogen peroxide after admixture. 

Fig. 16, Apparatus for taking the electric spark in any kind of gas. a, Mercury 
column; b, brass knob. 

Figs. 17, 18, and 19 are different forms of apparatus for taking the electric spark in 
gases. Fig. 19 represents a mercury-filled siphon containing an iron wire, aa, in each 
leg. Any gas which was introduced would rise to 5b, the upper part of the siphon. The 
mercury basins could be made part of an electric circuit. 
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From Zekert’s “Carl Wilhelm Lan Sein Leben und seine Werke” 
STRALSUND, THE BIRTHPLACE OF SCHEELE* 


Priestley, and an eloquent eulogy and biographical sketch was delivered 
by Thomas Huxley (25). At the same time the scientists of Leeds as- 
sembled at Priestley’s birthplace and the chemists of America gathered at 
his grave near the banks of the Susquehanna to honor his memory (26). 
The meeting in Pennsylvania was memorable not only because it marked 
the centennial of the discovery of oxygen but also because it resulted in the 
founding of the American Chemical Society. 

Carl Wilhelm Scheele was born on December 9, 1742,,in Stralsund, 
then the capital of Swedish Pomerania. He was the seventh child in a 
family of eleven, and, since the family was not as rich in worldly goods 
as in children, he was apprenticed at the age of fourteen years to an apothe- 
cary named Bauch. Like other pharmacists of his time, Bauch prepared 
his own medicines from the crude drugs, and was well versed in chemistry. 
In his laboratory were to be found many inorganic salts, the mineral acids, 
a few ores, rock-crystal, phosphorus, sulfur, benzoic acid, and camphor. 
His chemical library included the works of Boerhaave, Lémery, Kunckel, 
and Neumann (27). The fourteen-year-old apprentice soon developed a 
passion for reading chemical books and repeating the experiments de- 
scribed in them. His memory for chemical facts was so great that, after 
reading a book through once or twice, he had no need to consult it again. 

In 1768 Scheele took charge of the Scharenberg pharmacy in Stockholm; 
and at about the same time he met with bitter disappointment at 
the hands of the Stockholm Academy, which rejected two of his earliest 
papers because of the unmethodical style in which they were written. 
The editor who refused them was Torbern Bergman, who afterward be- 
came Scheele’s lifelong friend (27). In 1773 Scheele accepted a position in 
Lokk’s pharmacy at Upsala. One day Lokk noticed that saltpeter which 
has been fused for some time remains neutral, but evolves red fumes when 
treated with vinegar. Assessor Gahn, the famous mineralogist who 
discovered manganese, was unable to explain the change, and Bergman, 
the illustrious professor of chemistry at Upsala, could give him no help. 

* Reproduced by kind permission of Mr. Arthur Nemayer, Buckdruckerei und 
Verlag, Mittenwald, Bavaria. 
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Scheele, however, readily explained that there are two “‘spirits of niter,’’ or, 
as one says today, two acids, nitric and nitrous. 

Gahn and Scheele became close friends, and much of their correspondence 
has been preserved. It was through Gahn that Scheele made the acquain- 
tance of Bergman. When Scheele explained that potassium nitrate is 
converted by fusion into the deliquescent salt, potassium nitrite, 
Bergman became deeply interested in the young chemist, and they, too, 
formed a lasting friendship. Berg- 
man received much of his practical 
instruction from Scheele, while 
Scheele’s intellectual interests were 
broadened by his long association 
with the scholarly Bergman (27). 

In spite of many offers from 
universities, Scheele never ex- 
changed the practice of pharmacy 
for an academic career. The phar- 
macies of his day were quiet centers 
of original research, and as Scheele 
himself once said to Assessor Gahn, 
“neue Phaenomena zu erilaren, 
dieses macht meine Sorgen aus, und 
wie froh ist der Forscher, wenn er das 
so fleissig Gesuchte findet, eine Ergot- 
zung wobei das Herz lacht’’ (28). 

His most brilliant discoveries were 
made at the Lokk pharmacy. His 





: : From Zekert’s “C. W. Scheele, 
notebooks, which have since been PE as cab ae eke 


edited and published by Baron YOUTHFUL PORTRAIT OF CARL WILHELM 


a SCHEELE, 1742-1786* 
Nordenskidld, show that he yee Swedish chemist and pharmacist. In- 


pared oxygen before 1773, that is dependent discoverer of oxygen. Discov- 
to ‘act. ered arsenic acid, distinguished between 
raph at least ik hao! before Priest nitric and nitrous acids, demonstrated the 
ley discovered it. Scheele made presence of tartaric, citric, malic, and 
it by heating silver carbonate, mer- gallic acids in plants, and discovered lactic 
5 cee he and uric acids in the animal realm. 
curic carbonate, mercuric oxide, 
niter, and magnesium nitrate, and by distilling a mixture of manganese 
dioxide and arsenic acid. When oxygen is prepared by heating silver or 
mercuric carbonate, the carbon dioxide must be absorbed in caustic alkali. 
The results of these experiments were discussed in the book, ‘‘Fire and 
Air,” which Scheele sent to his publisher, Swederus, near the end of 1775, 
but the book did not appear until 1777. In August, 1776, Scheele, ex- 
* Reproduced by kind permission of Mr. Arthur Nemayer, Buckdruckerei und 
Verlag, Mittenwald, Bavaria. 
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asperated at the delay, wrote dejectedly to Bergman, ‘I have thought for 
some time back, and I am now more than ever convinced, that the greater 
number of my laborious experiments on fire will be repeated, possibly in a 
somewhat different manner, by others, and that their work will be pub. 
lished sooner than my own, which is concerned also with air. It will then 
be said that my experiments are taken, it may be in a slightly altered form, 
from their writings. I have Swederus to thank for all this’ (29). Scheele’s 
discovery of oxygen was an- 
ticipated, as he had feared, but 
he is universally recognized as 
an independent discoverer of 
that gas. 

In 1776 he became a pro- 
visor of the pharmacy at Kép- 
ing, a little town on the north 
shore of Lake Malar. The 
owner, Heinrich Pohl, had died, 
leaving the shop to his young 
widow. Instead of finding the 
prosperous business he had 
expected, Scheele met the dis- 
couraging task of freeing the 
estate from heavy debt (27), 
but he finally placed the busi- 
ness on a sound financial basis 
and purchased it from the 











ANTOINE LAURENT LAVOISIER 
1743-1794 


French chemist who in 1777 gave quanti- 
tative proof of the incorrectness of the phlogiston 
theory and who gave the true explanation of 
combustion and_ respiration shortly after 
Priestley and Scheele had discovered oxygen. 
Berthollet, de Morveau, Fourcroy, and Klaproth 
were some of the first chemists to accept his 
views. Lavoisier was guillotined during the 
French Revolution. 


widow Pohl. By 1782 his 
name was known to all Euro- 
pean scientists, and his finan- 
cial condition permitted him 
to build himself a new home 
and a well-equipped labora- 
tory. One of his sisters and 
Mrs. Pohl kept house for 
him. 


The last years of his life were filled with intense suffering from rheuma- 
tism. When he realized that death was near, he married the widow Pohl 
in order that the estate which he had struggled so hard to save might return 
to her. He died two days later on May 21, 1786, at the age of forty-three 
years. His entire life had been devoted to chemistry, and in one of his let- 
ters to Gahn one may read, ‘“‘Diese edel Wissenschaft ist mein Auge’ (30). 

Scheele was a phlogistonist to the end of his life, and thought that 
phlogiston was similar to the imponderable ether of the physicists and that 
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hydrogen was a compound of 
phlogiston and “matter of 
heat.” It has been shown 
that certain seventeenth-cen- 
tury chemists were far ahead 
of their eighteenth-century 
brethren in their understand- 
ing of the composition of the 
atmosphere and the nature of 
combustion and respiration. 
Even the three men who had 
contributed most toward an 
understanding of the atmos- 
phere—namely, Cavendish, 
Priestley, and Scheele—clung 
to the end of their days to the 
outgrown phlogiston theory. 
The great scientific martyr, 
Lavoisier, would have liked 
very much to be considered 
an independent discoverer of 
oxygen, but he himself may 


have felt the weakness of A STATUE OF LAVOISIER WHICH FORMED PaRT 


: : : :._ OF THE FRENCH EXHIBIT AT THE SAN FRANCISCO 
his claim. He wrote in his pyposirion in 1915 


“Mémoire sur l’Extstence de 

lAir dans l Acide Nitreux,” read on April 20, 1776, ‘‘Perhaps, strictly 
speaking, there is nothing in it of which Mr. Priestley would not be able to 
claim the original idea; but as the same facts have conducted us to dia- 
metrically opposite results, I trust that, if I am reproached for having 
borrowed my proofs from the works of this celebrated philosopher, my right 
at least to the conclusions will not be contested” (31). In his remarkable 
paper ‘‘On the Nature of the Principle That Combines with Metals during 
Their Calcination and Increases Their Weight,” which he had read during the 
Easter season of 1775, he had announced that this principle is simply ‘‘the 
purest and most salubrious part of the air; so that if the air which has been 
fixed in a metallic combination again becomes free, it reappears in a condi- 
tion in which it is eminently respirable and better adapted than the air of the 
atmosphere to support inflammation and the combustion of substances” 
(32). 

This was the death blow to the phlogiston theory. Although Lavoisier 
discovered no elements himself, he was the first to assert that oxygen is an 
element. Moreover, his correct explanation of combustion so revolutionized 
the entire science of chemistry that, under the new stimulus, many new 
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elements were discovered soon after his tragic death on the guillotine, 
For this great service scientists will always honor the name of Antoine 
Laurent Lavoisier. 
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ON THE DISCOVERY OF PALLADIUM 


A. M. Waite, UNIVERSITY OF NorTH CAROLINA, CHAPEL Hiz, N. C., anv H. B. 
FRIEDMAN, GEORGIA SCHOOL OF TECHNOLOGY, ATLANTA, GEORGIA 


In 1803 there was circulated throughout the British scientific world a 
notice of a type almost unparalleled in the history of chemistry. That it 
would create much discussion was probably anticipated by its author, but 
he could not have foreseen the years of acrimonious debate, the bitter parti- 
sanship, and the ultimate disgrace of a prominent chemist that it produced. 
The notice read as follows (1): 


Palladium, or new silver, has these properties among others that shew 
it to be a noble metal. 

1. It dissolves in pure spirit of nitre, and makes a dark-red solution. 

2. Green vitriol throws it down in the state of a regulus from this solu- 
tion, as it always does gold from aqua regia. 

3. If you evaporate the solution, you get a red calx that dissolves in 
spirit of salt or other acids. 

4. It is thrown down by quicksilver, and by all metals but gold, plati- 
num, and silver. 

5. Its specific gravity by hammering, was only 11.3; but by flatting, as 
much as 11.8. 

6. Inacommon fire, the face of it tarnishes a little, and turns blue, but 
becomes bright again, like the other noble metals, on being stronger heated. 

7. The greatest heat of a blacksmith’s fire would hardly melt it. 

8. But if you touch it, while hot, with a small bit of sulfur, it runs as 
easily as zinc. 

It is sold by Mrs. Forster, at No. 26, Gerrard Street, Soho, London; in 
samples of five shillings, half a guinea, and one guinea each. 


An editorial in Nicholson’s Journal (2) amplifies this somewhat: 


Mrs. Foster (Forster?), it appears, is only the vendor, and totally un- 
acquainted with the person who brought the metallic substance and the 
printed paper to her house... . I received a small piece by the post. The 
piece of the specimen was at the rate of about one shilling per grain... . 


This strange announcement aroused the interest of Richard Chenevix,* 
one of the well-known chemists of his day. Chenevix was an Irishman, 
and of his early history little seems known (3). He was probably, however, 
educated as befitted a gentleman. Caught in Paris during the Reign of 
Terror, he was imprisoned by the Commune for some time. In the same 


* Richard Chenevix was born in Ballycommon, King’s County, Ireland, in 1774. 
He was educated at the University of Glasgow. His parents were of French extraction, 
and much of Chenevix’s life seems to have been spent on the continent. The Royal 
Society elected him Fellow in 1801, and in 1803 awarded him the Copley Medal for 
his papers published in the Philosophical Transactions. In about 1804 he moved to 
France, where in 1808 he published a paper “Observations on the Mineralogical Sys- 
tems,” in which the views of Haiiy were upheld, and those of Werner attacked. Subse- 
quently, Chenevix turned to literature, writing several novels, plays, and poems. He 
died in Paris on April 5, 1830 (4). 
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cell with Chenevix was an unnamed French chemist, who whiled away the 
time by explaining to his cell-mate the principles of chemistry. The in- 
terest thus aroused induced Chenevix, upon his release, to study the subject 
in earnest, and by 1803 he had attained the distinction of Fellowship in the 
Royal Society ahd in the Royal Irish Academy. Best known as an ana- 
lytical chemist, his work on corundum and sapphire had created favorable 
comment. 

Immediately on learning of palladium, Chenevix undertook the experi- 
mental verification of the claims advanced in the notice, for, as he said ina 
letter to Vauquelin, professor of chemistry in Paris (5): 


Nothing is discussed here in the scientific world save palladium. Every- 
one received, some days ago, printed notices like that I am sending you; 
as soon as I had read it, I went to the seller and purchased all that was 
available (332 grains for 15 guineas). 

I have found since that the properties described in the notice are ac- 
etirate.... 

I am sending you a little piece with this notice that you may see for 
yourself what it is.... 


To this Vauquelin adds: 


I have repeated, on the small piece I received from M. Chenevix, the ex- 
periments cited in the notice, and have found them accurate. .. . 

It seems from these properties that this is an element and different from 
those we know, but before affirming this definitely, the experiments must 
be multiplied. The work that M. Chenevix is undertaking at this moment 
should without doubt decide this question... . 


After considerable work, Chenevix presented the results of his researches 
before the Royal Society, in a paper entitled ‘Inquiries concerning the 
Nature of a metallic Substance lately sold in London, as a new Metal, 
under the Title of Palladium” (6). 

As Chenevix said: 


The mode adopted to make known a discovery of so much importance, 
without the name of any creditable person except the vendor, appeared to 
me unusual in science and was not calculated to inspire confidence. It was 
therefore with a view to detect what I conceived to be an imposition, that 
I procured a specimen and undertook to learn its properties and nature. 

I had not proceeded very far, when I perceived that the effects produced 
by this substance, upon various tests, were such as could not be referred, 
in toto, to any of the known metallic substances. I immediately returned 
to Mrs. Forster, and became possessed of the whole quantity. . . . I could 
not obtain any information as to its natural state, or any trace that might 
lead to a probable conjecture. 

The substance had been worked by art: it has been rolled out in flatting 
mills; and was offered for sale in specimens consisting of thin laminae. 
The largest of them were about three inches in length, and half an inch in 
breadth, weighing on the average 25 grs. and were sold for one guinea 
The other laminae were smaller in proportion to the price. 
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Chenevix then discussed at length the tests he had applied to the palla- 
dium. He admitted that the properties described in the notice were cor- 
rect, except for a slight error in the specific gravity, but was still uncon- 
vinced that palladium was an element. A new series of experiments was 
undertaken in an effort to synthesize palladium, using platinum as a base. 
As Chenevix reported: 


We have been told of extraordinary anomalies in chemical affinities, by 
M. Berthollet; and Mr. Hatchett has made us acquainted with some, not 
less extraordinary in the properties of alloys. Yet I think we shall cease 
to wonder at what has been related by these chemists, when we learn that 
palladium is not, as was shamefully announced, a new simple metal, but 
an alloy of platina, and the other substance which can mask the most 
characteristic properties of that metal, while it loses the greater number of 
its own, is mercury. 

I confess that it was not from an analysis of palladium that I was first 
led to this result; for I had convinced myself, by syntheses, of its nature, 
and had formed the substance, before I could devise any probable method 
of ascertaining its component parts. 


In other words, Chenevix was so convinced that palladium was not an ele- 
ment that he searched until he devised an alloy whose properties closely 
resembled those of palladium. By altering the proportions of mercury and 
platinum, the properties of the alloy could be varied, and he found no test 
for mercury in the resultant material. The conclusion reached was that: 


There is not any property of this compound which appears to me so 
wonderful as that which is manifest by these experiments. It is a striking 
proof how unfounded was the opinion of some philosophers, who supposed 
that the rapidity of combination was a measure of the force of affinity. 
We do not know of any affinity among chemical bodies which is more 
powerful than that of platinum and mercury appears to be. The ob- 
stacles which must be overcome to fix the latter metal are proof of this; 
yet the difficulty of forming this combination to its full extent isextreme. ... 
Palladium also brings to our recollection a contemptible fraud directed 
against science: the name, therefore, should not be admitted. I have 
called it an alloy. ... 


Chenevix’s article created quite a sensation, and was widely reprinted. 
The synthesis of palladium became a popular pursuit in continental 
laboratories. As the following editorial indicates, the work received im- 
mediate acceptance (7): 


It appears, then, from Mr. Chenevix’s experiments that this pretended 
simple metal is a combination of platina and mercury; and it must excite 
not only astonishment, but humility in the cultivation of natural knowl- 
edge, to find that a combination of two metals, each upon so high a specific 
gravity as those which are combined in palladium, should produce a com- 
pound, the specific gravity of which is less than that of the least weight of 
the component substances; and, moreover, that mercury whose affinity for 
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caloric had hitherto been found to baffle all attempts to destroy its vola- 
tility; could, when combined with platina, become as fixed as any metallic 
substance with which we are acquainted. But nature laughs at our 
theories, and forces us from time to time, by extraordinary discoveries of 
this sort, to acknowledge that we are her vassals, and that we strive in 
vain to bring her within our laws. 


A note of doubt crept in, however, for there appeared shortly after an 
editorial in a French journal (8): 

Certainly this material shows new and singular properties, for the. . . 
experiments performed by the Citizen Vauquelin on the small piece of metal 
sent by M. Chenevix show the presence of neither platinum nor mer- 
cury.... 


It was not long until reports of investigations in France and Germany be- 
gan to cast grave doubts on the accuracy of Chenevix’s work. Klaproth 
wrote that he could not agree with this synthesis (9). Vauquelin and 
Fourcroy (10), unable to find mercury in palladium or to synthesize the 
substance, suggested that perhaps it might be an alloy of platinum and 
some new element. Joseph Hume (11) wondered if tungsten were not 
involved. 

While the discussion was at its height, there appeared in Nicholson’s 
Journal another anonymous notice, fully as strange as any of the preced- 
ing (12): 

REWARD OF TWENTY POUNDS FOR THE ARTIFICIAL PRODUCTION OF 
PALLADIUM 


The following is a copy of a paper received by me under cover, by the 
two-penny post. It is written in the same hand as a note which covered a 
small piece of palladium inentioned to have been received by me last mid- 


summer. . . . Upon inquiry, I find that Mrs. Forster has received the sum 
of £20 with instructions conformable to this paper... . 
Sir, 


As I see it said in one of your journals, that the new metal I have called 
palladium, is not a new noble metal, as I have said it is, but an imposition 
and a compound of platina and quicksilver, I hope you will do me justice 
in your next, and tell your readers I promise a reward of £20 now in Mrs. 
Forster’s hands, to anyone that will make only 20 grains of real palladium, 
before any three gentlemen chymists you please to name, yourself one if 
you like. 

That he may have plenty of his ingredients, let him use 20 times as much 
quicksilver, 20 times as much platina, and in short of anything else he 
pleases to use: neither he nor I can make a single grain. 

Pray be careful in trying what it is he makes, for the mistake must 
happen by not trying it rightly. 

My reason for not saying where it was found, was, that I might make 
some advantage of it, as I have a right to do. 

If you think it fit to publish this, I beg you to give the names of the 
umpires, as I have desired Mrs. Forster to keep the money until next mid- 
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summer, and to deliver it only in case they can assure her that the real metal 
is made by a certificate signed by you, and by them, on this check. 
I hope that a little bit of whatever is made may be left with Mrs. Forster, 


In the next issue of the journal, Mr. Nicholson wrote as follows (13): 


In consequence of the ultimatum received by the anonymous paper of 
which a copy is in the last number of this Journal . . . I waited upon Mrs, 
Forster, who personally assured me that she holds the sum of twenty 
pounds (which was paid to her by the same unknown person who placed 
the palladium in her hands), under the trust or engagement to pay the 
same to the bearer of the certificate mentioned on the said paper, at any 
time before midsummer next; and that, if not claimed during that time, 
she shall afterwards consider herself at liberty to repay the money when 
demanded by the same unknown person. 

I have therefore requested Charles Hatchett, Esq. F. R. S. and Edward 
Howard, Esq. F. R. S. to join myself as judges of the product which may 
be made in our presence, agreeably to the before-mentioned paper; to 
which proposal they have consented. 


At this point it is necessary to introduce another character, one who is 
destined to play a very important réle in the events that are to come. 
William Hyde Wollaston,* M.D., F.R.S., was educated at Cambridge, 
from which university he received a degree in medicine. Like Chenevix, 
his transfer to chemistry was largely fortuitous. Upon quitting Cam- 
bridge, Wollaston’s application for some hospital post was rejected in 
favor of a man whom Wollaston considered less able than himself. Dis- 
appointed, disgusted, and in financial difficulties, he abandoned medicine 
in favor of chemistry, and by 1804 had attained great prominence. 

On June 24, 1804, Wollaston read before the Royal Society a paper en- 
titled ‘‘On a New Metal, Found in Crude Platina’ (14). The new metal 
was rhodium. However, Wollaston also mentioned that he had been 
able to separate a small amount of palladium from the same platinum ore. 
After outlining a method of separation, he went on to say: 


The properties of palladium that have been enumerated undoubtedly 
belong to none of the simple substances that we are acquainted with; and 


* William Hyde Wollaston was born in East Dereham, Norfolk, England, on 
August 6, 1766. He was educated as a physician, in Caius College, Cambridge, re- 
ceiving the degree of Bachelor of Medicine in 1788, and that of Doctor of Medicine in 
1793. He was elected a Fellow of the Royal Society on March 6, 1794. He abandoned 
the practice of medicine in 1800, and turned to research in many fields cf science. In 
all, fifty-six papers were published by Wollaston. Chemistry was but one of his many 
interests, for his works include papers on pathology, crystallography, astronomy, optics, 
electricity, mechanics, botany, mineralogy, and physiology. Of particular interest 
to chemists is his work in support of Dalton’s atomic theory, on gas explosions, and on 
the refractometer and the goniometer. During his later life, Wollaston was subject to 
attacks of partial blindness, caused by the brain tumor which ultimately produced his 
death on December 22, 1828. 
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no experiment that I 
have made, has tended 
to confirm the suspicion 
of its being a compound, 
consisting of any known 
ingredients. The experi- 
ments above related show 
evidently that the ore of 
platina contains a very 
small quantity of palla- 
dium; and it is not un- 
likely that this may have 
been a constituent part 
of some of the compounds 
obtained by Mr. Chene- 
vix, and may have misled 
him, by some properties 
which he would conse- 
quently observe, into the 
suspicion that he had 
formed palladium. 
Itisnot, however, with- 
out having repeatedly 
endeavored to imitate his 
experiments, that I have 
ventured to dissent from 





such authority. I made Witi1am Hype WoLLAsTON 
many attempts to unite (From a steel engraving in Muspratt’s “Chemistry 
pure platina with mer- as Applied to Arts and Manufactures” —1860.) 


cury, by solution, and by 
amalgamation; but without success in any one instance. 

From a solution of platina, carefully neutralized as Mr. Chenevix directs, 
with red oxide of mercury, and mixed with a solution of green sulfate of 
iron, I indeed obtained such a precipitate as Mr. Chenevix described; but 
upon examination of these flakes, they yielded mercury by distillation; 
and the remainder consisted of platina combined with a portion of iron, 
but had not any of the properties which I could suppose owing to the pres- 
ence of palladium... . 


Meanwhile, Chenevix prepared a rebuttal to the attacks on his work. 
Reviewing the voluminous literature which had sprung up on the subject 
of palladium, he said (15): 


It was natural to suppose that a subject so likely to spread its influence 
throughout the whole domain of chemistry, and which tended even to the 
subversion of some of the elements, would awaken the attention of phi- 
losophers. We find, accordingly, that it has become a subject of enquiry in 
England, France, and Germany; but the experiments which I had recom- 
mended as least likely to fail have been found insufficient to insure the 
principal result; and I have had the mortification to learn that they have 
been generally unsuccessful. 
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Stoutly defending himself by further experiment, and insisting that palla- 
dium is an alloy, Chenevix added: 


I do not exaggerate the number of attempts I made during this time . . , 
in stating them to have been one thousand. Among these I had four suc- 
cessful operations. * 


Palladium must indeed be difficult to synthesize if but four out of a thou- 
sand tries are successful! In a postscript, the following remarks are ap- 
pended: 


Since this paper was written, Dr. Wollaston has published some experi- 
ments on platina. He has found that palladium is contained in very small 
quantities in crude platina. ... Whatever be the quantity of palladium 
found in a natural state, no conclusion can be drawn as to its being simple 
or compound. Nothing is more probable than that nature may have 
formed this alloy. ... 


The reward of twenty pounds was never claimed, and was presumably 
withdrawn as specified in the notice. 

Another letter to the editor of Nicholson’s Journal now appeared, in 
which the author of the preceding anonymous communications disclosed 
himself, thus clarifying in part the turbid waters of the dispute. It read 
as follows (16): 

February 23, 1805 
Sir: 

The candour with which you communicated all circumstances that came 
to your knowledge concerning palladium, at a time when the discoverer of 
that substance was yet unknown to you, demands my earliest acknowledge- 
ments, as having been the author of those communications; and it is 
proper that I should also express the satisfaction I received on learning the 
respectable tribunal you nominated at my request, for examining the 
merits of any attempts that might be made to form the substance arti- 
ficially. 

As I have already shewed (in a paper which you did me the honour to 
reprint in your Journal last, page 34), by what means a very small quantity 
of palladium may be extracted from the ore of platina, and as I have there 
examined the synthetic attempts to prove that the body was a compound, 
with a degree of attention which I thought due to the chemical skill of the 
person who proposed them, as well as to the degree of uncertainty that 
must attend a subject entirely new; I cannot now adduce further chemical 
evidence and can only add, for the information of those whose judgment 
has been biassed by the difficulty of accounting for the production of so 
large a quantity of palladium as was offered for sale, that a proportional 
quantity of platina, from which the whole was extracted, was purchased by 
me a few years since, with the design of rendering it malleable for the differ- 
ent purposes to which it is adapted. That object has now been attained, 
and during the solution of it, various unforeseen appearances occurred, 


* Tuomas TuHomson, Phil. Soc. Glasgow, 3, 139 (1850), says that Chenevix spent 
about fourteen hours a day in the laboratory during this time. 
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la- some of which led to the discovery of palladium; but there were other 
circumstances which could not be accounted for by the existence of that 
metal alone. On this, and other accounts, I endeavored to reserve to 

ia myself a deliberate examination of these difficulties which the subsequent 

uc- discovery of a second new metal, that I have called rhodium, has since 
enabled me to explain, without being anticipated even by those foreign 
chemists, whose attention has been particularly directed to this pursuit. 


m- I remain, Sir, 
ip- Your obliged and obedient Servant, 

W. H. Wollaston. 
! So Wollaston was the author of the strange notices! Wollaston, the 


aloof, dignified Secretary of the Royal Society, had presented to the world 


ee this discovery in such an unorthodox manner. Again the scientific world 

ve buzzed, and letters like the following were dispatched (17): 

The secret of palladium is discovered. M. Wollaston . . . has con- 
ly fessed that he is the discoverer of it... The experiments already per- 
formed, are, he thinks, sufficient to characterize it as a new metal. M. 

Chenevix will naturally object that palladium can still be made of the 

in platinum found in the mineral from which it was extracted, and from the 

od mercury used in the separation... . 

id On July 4, 1805, Wollaston read before the Royal Society a paper en- 
titled ‘‘On the Discovery of Palladium; with Observations on other Sub- 
stances found with Platina.’”” No comment was included on the unusual 
mode of publishing his discovery, nor was Chenevix mentioned. This 

* ended the subject of palladium as far as Wollaston was concerned. He 


apparently lost interest in the matter, and his subsequent work was in 
is other fields. 

le This, then, is the story of palladium as it appeared in the journals of the 
‘~ day. It is interesting, however, to try to dig beneath the surface and to 
speculate on the motives and reasons back of these strange events. In ‘ 
Wollaston’s case, these seem clear. 


0 

y Upon leaving Cambridge, Wollaston was very short of money. A means 
€ of replenishing his purse was essential. From his knowledge of the chemi- 
, cal inertness of platinum, he concluded that if it could be purified and 
: fabricated, it would make an ideal material for constructing laboratory 
J ware. He therefore invested in a large amount of crude platinum, at that 
t time not an expensive material, and commenced research which ultimately 
0 enabled him to produce malleable platinum. The process for preparing 
! platinumware was kept secret, and exploited by Wollaston for financial 


,. = 


gain. An added inducement to secrecy was the peculiar action occasioned 
by the two new elements, whose chemistry Wollaston wished to work out 
for himself. Early publication would tend to damage Wollaston’s mo- 
nopoly of the platinumware business, and would further disclose to the 
world the existence of these peculiarities in behavior of crude platinum. 


oe 
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As certain other chemists were already hot on the trail of new elements jn 
the platinum group, Wollaston chose the anonymous letter as a means of 
obtaining priority without making full disclosure, or, as he said in the first 
notice: ‘“‘That I might make some advantage of it, as I have a right to do,” 

Viewed today, it is evident that Chenevix was badly mistaken in his 
opinions regarding palladium. This may have been due to either or both 
of two factors: first, the strange mode of announcement led him to suspect 
a hoax, from which conviction he could never liberate himself; once he had 
taken his stand against palladium, he was unwilling to withdraw from his 
position. In the second place, as Wollaston suggested, it is quite possible 
that Chenevix, not knowing that palladium occurred with platinum, 
actually isolated some palladium from the platinum he was using in his 
attempts at synthesis, and was thus misled into the belief that he had 
produced it artificially. 

During at least the latter part of this dispute, Wollaston was Secretary 
of the Royal Society, and as such it must have been his duty to present the 
papers of the Society and to enter them in the minute book. It seems 
strange that he should have permitted Chenevix to publish his work, know- 
ing it to be wrong. Thomas Thomson, a friend of both men, explains this 
in his “History of Chemistry”’ (3): 

It is very much to be regretted that Dr. Wollaston allowed Mr. Chene- 
vix’s paper to be printed, without informing him, in the first place, of the 
true history of palladium, and I think that if he had been aware of the bad 
consequences that were to follow, and that it would ultimately occasion 
the loss of Mr. Chenevix to the science, he would have acted in a different 
manner. I have more than once conversed with Dr. Wollaston on this 
subject, and he assured me that he did everything he could, short of reveal- 
ing his secret, to prevent Mr. Chenevix from publishing his paper; that he 
had called upon, and assured him, that he himself had attempted his 
process without being able to succeed, and that he was satisfied that he 
had fallen into some mistake. As Mr. Chenevix still persisted in his con- 
viction after repeated warnings, perhaps it is not very surprising that Dr. 
Wollaston allowed him to publish his paper, though had he been aware of 
the consequences to their full extent, I am pursuaded that he would not 
have done so. It comes to be a question whether, had Dr. Wollaston in- 
formed him of the whole secret, Mr. Chenevix would have been con- 
vinced. 


Wollaston, his reputation enhanced by the discovery of palladium, be- 
came a more and more prominent figure in the science of chemistry; 
Chenevix, his reputation destroyed and his career blasted, withdrew from 
the scene of his defeat, and was heard of no more. 
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Inability to taste bitter chemical is hereditary. A large number of chemically re- 
lated substances have been found to have the peculiar property of being extremely 
bitter to some individuals even in very weak solutions and yet tasteless even in the pure 
crystalline form to other persons, Dr. Arthur L. Fox of Wilmington, Del., reported to 
the National Academy of Sciences meeting recently in New Haven. 

An accidental discovery while working in the laboratory with phenylthiocarbamide 
led to the knowledge that individuals differ so in their ability to taste a particular sub- 
stance. One of Dr. Fox’s associates complained bitterly of the taste when he inhaled 
some of the dust from this chemical; to Dr. Fox the crystals themselves were tasteless. 
As slight alterations in chemical structure often cause great changes in taste, Dr. Fox 
proceeded to investigate a large number of related thiocarbamides. Nearly all of them 
had the same property. 

Dr. Albert F. Blakeslee, of the Department of Genetics, Carnegie Institution of 
Washington, at Cold Spring Harbor, N. Y., told the same meeting of his experiments 
showing that the ability to detect the bitter taste in the crystals or weak solutions of 
phenylthiocarbamide is inherited. Taste deficiency for the crystals appears to be 
inherited as a Mendelian recessive, he has found, and this same conclusion has been 
reached independently by Dr. L. H. Snyder of Ohio State University. 

The inability to detect the bitterness is not a complete ‘‘taste blindness,” as was 
at first supposed. For it has been found by Dr. Blakeslee that the chemical is also 
bitter to the ‘“‘non-tasters’’ if only it can be gotten to their sense organs in a sufficiently 
concentrated form. 

“Most ‘non-tasters’ can detect bitterness if a cold saturated solution is used,’’ Dr. 
Blakeslee told the scientists. ‘‘The few who are still negative to this test have been 
found to taste bitterness in a saturated solution in hot water or still better in hot weak 
alcohol.” 

Inability to taste the crystals may have something to do with differences in salivas 
as well as to differences in sense organs, Dr. Blakeslee believes. He found no close rela- 
tion between acuteness of taste for this chemical and for another bitter compound—pic- 
tic acid—which also affords a wide range of thresholds. Neither did he find any close 
relation between acuteness of taste for a sweet or an acid and for this bitter. 

The evidence of this investigation points to the belief that different people live in 
different worlds, so far as their sensory reactions are concerned, Dr. Blakeslee concluded. 


—Science Service 
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ALEXANDER SMITH, THE INVESTIGATOR* 


RatpoH H. McKeg, Co_umsBia UNIVERSITY, NEw Yorx City 


As an investigator Alexander Smith brought an exceptionally clear and 
orderly mind to the interpretation of relatively simple experimental work. 
There eventuated first a series of investigations in organic chemistry, second a 
series in the then new field of inorganic physical chemistry, and finally a group 
of investigations which involved devising a number of new instruments and tools 
for use in physical chemistry. 

The results of his epoch-making work on elemental sulfur are discussed in 
some detail. 


Alexander Smith was born September 11, 1865, in Edinburgh, Scotland. 
He received his bachelor’s degree from the University of Edinburgh in 1886. 
He was a student at the University of Munich simultaneously with Dr. W. 
A. Noyes of the University of Illinois. After the work which Smith did 
with Claisen at the University of Munich, which led to his receipt of the 
degree of Doctor of Philosophy in chemistry, he served as assistant in 
chemistry at the University of Edinburgh for one year. During the 
perior 1890-94 he was professor of chemistry and mineralogy at Wabash 
College. In 1894 he came to The University of Chicago as an assistant 
professor of chemistry. He was associate professor of chemistry 1898- 
1903 and professor of chemistry from 1904 until he left The University of 
Chicago in 1911. During two years of this period he was dean of the 
Junior Colleges. In 1911 he left The University of Chicago to become 
professor and head of the department of chemistry at Columbia Univer- 
sity where he remained until illness compelled him to retire. His death 
occurred in Edinburgh in 1922. 

Dr. Smith was a member of the National Academy of Sciences and an 
honorary member of the Spanish Society of Physics and Chemistry. In 
1911 he was president of the American Chemical Society. In 1912 he 
received the Keith Prize and Medal from the Royal Society of Edinburgh. 
You may recall that this prize is one of the oldest endowed prizes, as it has 
been established more than a century. In 1919 he received the honorary 
degree, LL.D., from the University of Edinburgh. 

Smith’s first ten publications of research work were on organic chemistry 
and mostly in German. They largely dealt with ketones and condensation 
reactions from ketones. These were dated 1890-1902. 

In 1902 his interest changed and his researches were in the applications of 
physical chemistry to inorganic chemistry problems. The period 1902 to 
1909 was concerned with clearing up the inconsistencies in the observed data 

on sulfur and finding why they did not fit the theories of physical chemistry. 

The period 1909-11 was devoted to a study of vapor pressures and 

* Presented at the dedication exercises of the George Herbert Jones Laboratory of 
The University of Chicago, December 16, 1929. 
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devising instruments which permitted rapid and accurate vapor pressure 
determinations to be made. 

In the period 1912-19 Dr. Smith’s interest turned to the study of 
dissociation pressures and related phenomena. 

Unlike most university men, Dr. Smith excelled in three phases of 
investigation, all of which have added distinctly to the chemical knowledge 
of the world. He gave us a new method of teaching chemistry but this | 
shall not discuss in this paper. He gave us new instruments and tools 
useful for the study of chemical problems. I shall discuss these further, 
Thirdly, he gave us new facts and ideas in the field of organic chemistry and 
also outstanding discoveries both in facts and in methods of approach in 
the field of physical chemistry as applied to inorganic compounds. 

Viewed in large perspective, the burner of Bunsen, the condenser of 
Liebig, the spectroscope of Kirchhoff, are high points in the history of the 
development of chemistry. A generation later, will those who look back 
upon the history of chemistry in this country view the glass bulblet Smith 
used for boiling-point determinations, the dynamic isoteniscope, and the 
static isoteniscope as similar outstanding developments? Perhaps they 
will include the work of his pupil, Freas, on thermostats and ovens largely 
developed during the period of his association with Dr. Smith. The 
development of a new tool often permits a science to advance in a direction 
where before progress was impossible. The use of the isoteniscope gave us 
a new method of determining vapor pressures at elevated temperatures as 
well as a new method of determining dissociation of such materials as 
mercurous chloride, ammonium halides, phosphonium iodide, phosphorus 
pentachloride, calcium carbonate, etc. Smith proved that the vapor of 
calomel is not either HgCl or Hg2Cl, but is a quantitative mixture of equal 
volumes of mercury (Hg) vapor and mercuric bichloride (HgCl,) vapor. 
He further showed that the common assumption that the dissociation of 
ammonium halides is complete is very far from being correct; similarly 
that phosphorus pentachloride is dissociated only a few per cent (4 per cent) 
between the temperatures of 110° and 160°C. and is less dissociated at 
lower temperatures. 

Most of the researches of Smith were carried out by himself and an 
assistant. Some were carried out with students. Menzies, Hale, Ransom, 
Eastlack, and Scatchard were assistants. Holmes, Freas, Carpenter, 
Carson, Brownlee, Hall, Lombard, and Calvert were students working for 
the doctor’s degree. McCoy and Kendall were associates at Chicago and 
at Columbia University, respectively. The brief discussion which I now 
present does not permit me to bring out the part that each of these men, 
then young, had in the work that they did with Dr. Smith. It is sufficient 
to recall that each of these has reached a place of honor in our beloved 
science. The training which they received with Dr. Smith was no small 
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influence in bringing about their respective achievements. Each one of 
them holds the friendship and guidance which Dr. Smith gave him as among 
his most valuable experiences. 

In the time available it is possible to discuss in outline only one of the 
more important researches of Dr. Smith. I have chosen to give particular 
attention to his work on sulfur. 

It had long been known that there were several forms of crystalline sulfur 
and that sulfur when first melted was quite limpid but at a temperature 
of about 170° became viscous and at still higher temperatures again became 
limpid; moreover, that on sudden cooling from temperatures above 170°, 
there was found mixed with the crystalline sulfur soluble in carbon bi- 
sulfide, an insoluble amorphous sulfur. In 1902 Smith showed that the 
amorphous sulfur was but a supercooled form of liquid sulfur present in 
melted sulfur above 170°C. and further that this amorphous insoluble sulfur 
was molecularly like the common rhombic crystalline sulfur which is soluble 
in carbon bisulfide for in each case the sulfur molecules carried eight atoms of 
sulfur in the molecule. He next showed that the transition of the melted 
rhombic sulfur, which we call sulfur-A, into the liquefied amorphous 
sulfur, sulfur-y, is an endothermic change. And, as he showed by viscosity 
measurements, this transformation begins as early as 159.5°C. Moreover 
he proved, contrary to the common belief, that this transition point does not 
vary with the previous history of the sulfur. By the use of simple experi- 
ments depending upon solubility and an ingenious but perfectly sound 
argument, he showed that sulfur-\ and sulfur-y are chemically two 
different substances though each has the formula Ss. These determinations 
of the solubility curves of sulfur-A and sulfur-u in melted triphenyl 
methane, and the inferences to be drawn therefrom, are excellent examples of 
the acute observation and clear logic for which Smith was recognized by all 
who knew him. 

He further showed that the two liquid states of sulfur are partially, but 
only partially, miscible, sulfur-\ predominating below 160° and sulfur- 
uabove 160°. He showed that the solubility of sulfur-y in sulfur-\ at 160° 
is about 12 per cent. 

The maximum yield of sulfur-y as shown by the amount of amorphous 
sulfur obtained when chilling from an elevated temperature was found to be 
approximately 62 per cent of amorphous sulfur and occurs in the presence 
of about 2 per cent iodine. 

Smith called attention to the fact that when one acidifies a sodium thio- 
sulfate solution the sulfur precipitated is at first in fluid drops and later 

gives 100 per cent amorphous sulfur, 7. e., sulfur insoluble in carbon bi- 
sulfide. Smith showed that many materials, besides iodine, facilitate 
obtaining amorphous sulfur from melted sulfur, the simplest of these being 
sulfur dioxide which is itself formed when ordinary sulfur is melted in con- 
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tact with air. On the other hand, there are a number of other materials, 
particularly gases such as ammonia, hydrogen sulfide, and carbon dioxide, in 
whose presence the yield of amorphous sulfur on chilling molten sulfur from 
an elevated temperature is insignificant. Many methods of cooling and of 
heating and many reagents were tried but the final result was that agents 
such as iodine, oxygen, sulfur dioxide, hydrogen halides, etc., are catalytic 
agents which slow down the speed of change of sulfur-» to sulfur-), 
On the other hand, in the presence of ammonia, hydrogen sulfide, carbon 
dioxide, etc., the speed of change of sulfur-y to sulfur-\ is so rapid 
that only crystalline rhombic sulfur is obtained by rapid chilling of the 
molten sulfur through which these gases have just been bubbled. 

From the foregoing we see that the two liquid forms of sulfur are dynamic 
isomers, a relation of which there was some suspicion before Smith and his 
co-workers took up their investigation but for which no proof of importance 
had been adduced. The clearing up of this matter also settled previous 
disputes on the relations of the insoluble amorphous solid sulfur and the 
soluble crystalline solid sulfur. 

To complete the study of sulfur, precipitated sulfur was studied in detail. 
As has been mentioned before, sulfur precipitated from an aqueous solution 
of sodium thiosulfate on acidification is in the form of droplets of liquid 
amorphous sulfur. These droplets change rather quickly to crystalline 
soluble sulfur of the ordinary type. This change occurs in the presence of 
weak acids, neutral salt solutions, or alkaline solutions. In the presence of 
strong acids the percentage of amorphous sulfur remaining in the product is 
essentially proportional to the concentration of the acid, that is, in a low pH 
medium considerable amorphous sulfur is found along with the crystalline 
soluble sulfur. 

The improved understanding of the relations of the various forms of 
sulfur brought about by the investigations just outlined made it imperative 
and comparatively easy to determine exactly the true melting points of the 
various forms of sulfur in pure condition. This was done and the sulfur 
investigation made a completed whole. 

Smith’s eyes were strikingly clear and piercing. They were but the out- 
ward manifestation of a clear and piercing intellect. The life of Alexander 
Smith was a wonderful life. Through it all he never lost his natural love 
of the land of his birth, of his alma mater, or of the clear and piercing 
logic of its scientific leaders. 

There are more than seventy-five publications, including editions, to 
which the name of Alexander Smith is attached. In the bibliography 
given below these have been divided into two groups, one dealing primarily 
with publications of investigations, the other with educational books and 
papers. 
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ALEXANDER SMITH AS AN EDUCATOR* 


James KENDALL, UNIVERSITY OF EDINBURGH, SCOTLAND 


A visitor to the department of chemistry at Columbia University in the 
years immediately preceding the Great War might have been privileged, 
while passing the large lecture theater, to catch a loud peal of laughter 
issuing from the class assembled therein. ‘“‘Ah!” he would remark with a 
smile, ‘‘some experiment has gone wrong again! It happened just the 
same in my own freshman days.’ A few moments later, however, he 
would be surprised to hear low rumblings, like an earthquake in the distance, 
gradually increasing in intensity until they culminated in a sonorous and 
prolonged Ha! Ha! Ha! As soon as this ceased, the class would invariably 
oblige with a second uncontrollable outburst of hilarity. 

Should the visitor now succumb to curiosity and peer cautiously into the 
room through the swing doors, he would have found there not an unruly 
horde of freshmen, but an audience of mature graduate students—those 
earnest seekers after scientific truth who normally never crack a smile— 
participating in a debate with Alexander Smith. The words “‘participate”’ 
and “‘debate’”’ are both highly significant, for the Alexander Smith of those 
days never delivered a formal lecture; he merely directed the course of the 
discussion. Such discussions would range over the whole field of inorganic 
and physical chemistry, and how interesting and inspiring they proved to 
the participants may be judged by the fact that it was the almost unani- 
mous practice for a graduate student in chemistry to attend this course 
not once, nor twice, but every time it was given during his stay at Columbia. 

What was the secret of Alexander Smith’s success as an educator? 
Many factors, undoubtedly, combined to make up the complex entity that 
generations of students called “Sandy,” and to appreciate them all one needs 
to have known the man himself and to have enjoyed direct contact with his 
magnetic personality. A fair insight into his many-sided genius may, never- 
theless, still be obtained by reading through the chemical sections of Smith 
and Hall’s ‘‘The Teaching of Chemistry and Physics in the Secondary 
School’’ (1)—a volume which, although thirty years old, anticipates a great 
many of our present problems and will even now amply repay a careful 
perusal. Alexander Smith was a true Scot in his rigorous application of 
consistent logic; he could detect and deride errors and inconsistencies in 
pedagogical practice just as relentlessly as flaws in a hypothesis or false de- 
ductions from an experiment. This power of critical analysis, fortunately, 
was tempered by a keen and pawky sense of humor. Witness his addition 
to the customary textbook catalog of the properties of nitrogen: “colorless, 
tasteless, odorless, does not burn, does not support combustion, can neither 
climb a tree nor eat grass!’’ The point which he was trying to impress upon 
the student here, and the point which every one of his listeners got at once, 


*Presented before the Division of Chemical Education of the A. C.S. at the Buffalo 
meeting, August 31-September 4, 1931. 
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was that negative statements are of little scientific worth—it is not what a 
substance cannot do, but what it can do, that matters. Innumerable quips 
of a similar nature, each with its own peculiar pungency, are scattered 
through the pages of his monumental “Introduction to Inorganic Chemistry” 
(2). It is no exaggeration to state that the first issue of this book in 1906 
inaugurated a revolution in methods of instruction in America, comparable 
only with that effected in Germany by Ostwald’s “Lehrbuch der allgemeinen 
Chemie.’’ A proper appreciation of the physicochemical aspects of each 
topic under discussion forms, indeed, one of the main features of Alexander 
Smith’s series of textbooks, and indicates clearly the strong influence 
exerted by Ostwald and his school upon his work and thought. The 
success of Alexander Smith’s methods may be estimated by the number of 
his followers; practically every modern inorganic chemistry is based upon 
his foundations and, despite the boasted onward march of science, it still 
remains a pretty difficult matter (believe one who has tried!) to improve 
upon his classical methods of presentation. Not only have his volumes 
enjoyed phenomenal popularity in this country and in Great Britain, but 
they have been translated into many foreign languages, including even 
Urdu and Chinese. 

So many thousands of American chemists owe their training, either 
directly or indirectly, to Alexander Smith that no apology will be necessary 
for the length of the following extract from an address entitled “The 
Training of Chemists’ (3) which he delivered at the opening of the chemical 
laboratory of the University of Illinois in 1916. The ideas expressed are 
thoroughly characteristic of the man and his methods. 

In a lecture, one states the facts or explanations clearly and, for the 
moment, the attentive student understands perfectly. But, is it our object 
to train him to understand statements made by others—does ability to do 
that constitute a knowledge of chemistry, and play an important part in 
making a chemist? Is a watchmaker a person who recognizes a watch 
when he sees it, who knows what makes it run, and when it is running well, 
or is he a man who can make and repair a watch? Is not a chemist one 
who can himself make correct statements about chemical topics, and can 
himself put together the necessary facts and ideas, and himself reach a 
sound chemical conclusion? Listening to a lecture keeps the student in a 
receptive attitude of mind, whereas the attitude we desire to cultivate in 
him is the precise opposite of this. The student should begin by himself 
acquiring the ability to state simple ideas correctly, and later himself prac- 
tice putting facts and ideas together and reaching conclusions. The con- 
clusions are not new, but going through the operation of reaching them for 
himself is new to the student. No one would explain to a group of people 
who were not musicians how the piano is played, and perform a few lecture 
experiments on the piano, and then be foolish enough to expect the audi- 
ence to be able at once to play the same pieces themselves. Of course not, 
because we all know that every kind of mechanical dexterity has to be ac- 
quired by practice and by the formation of habits, nervous and muscular. 
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But we do not all realize that mental operations are also largely mechanical. 
For the most part they are made up of half-unconscious responses, each of 
which is an idea previously acquired by practice, and only the selection of 
the units of which the whole mental operation consists and the arranging 
of them in due order are the results of actual thought and conscious reason- 
ing. After explaining some point to the class, such as the reasons in terms 
of the ion-product constant for the precipitation of calcium oxalate, one 
might assume that they all understood the explanation, and perhaps they 
all did. But ask them individually to state briefly the reason for the pre- 
cipitation, and some will make remarks that have no bearing on the sub- 
ject, some will make partly incorrect statements, many will make state- 
ments that are correct so far as they go, but are incomplete. Only one 
student in thirty will give a correct and complete answer. Many of the 
others undoubtedly understand the matter perfectly but, unless they have 
an opportunity themselves to put the answer together, the impression will 
be slight and fleeting. It is the exercise of going through the reasoning 
and wording of the answer, for oneself, that alone can make the impression 
a permanent one and fix the explanation in the mind. 

Evidently, the pupil would better study the subject in the book, taking 
much or little time according as his powers of acquisition are slow or fast, 
until he can state each important point in his own words. Then the class- 
room work can be confined to testing the preparation, discussing difficul- 
ties, showing illustrative experiments, and asking questions about the 
cases illustrated. Before printing was invented, oral instruction was 
necessary. It seems to me that a good many university men have not yet 
realized that the printing press is now available. It is right that we 
should know the history of our profession, but not necessary to adhere to 
all the practices of antiquity. We all know walking was invented before 
the locomotive, but none of us walked to Urbana to this meeting. Was 
that thoroughly consistent? 

I am not proposing to abolish lecturing. In courses taken by students 
who already know how to study, that is, in the more advanced courses, 
lectures are of great value. They give a general view of the territory as a 
whole, they distinguish the more important from the less important items, 
and they enable the student to conduct his own private study of the subject 
with intelligence. I am referring mainly to the elementary course for 
freshmen, where not one member of the class in twenty has ever studied in 
the true sense, or has any knowledge of how to study. It is a part of the 
benefit he gets from the course that he learns how to study and acquires the 
necessary habits. Listening to lectures, in such a case, if the lectures are 
well constructed, only deludes him into thinking that he has fully grasped 
the subject, and prevents him from studying. Additional class-exercises 
given by assistants and subordinate instructors do not help the situation 
materially. Often the assistants do not keep in close touch with the mode 
of presentation of the lecturer. Always the students feel that, since 
assistants handle this work, it must be less important, and so it suffers in 
effectiveness. After trying both plans, it will be found that incomparably 
better results are obtained by giving two or more sections, of thirty to 
forty students each, to a competent instructor, and letting him conduct the 
whole work of each section. The lessons are assigned in advance, and due 
preparation is insisted upon. 
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An important additional advantage of the “tutorial method” described 
above, to which Alexander Smith was fully alive, is the opportunity which 
it affords to the younger members of the staff to develop into genuine 
teachers under the paternal guidance of their profess-r. The weekly 
assistants’ “‘prayer-meeting’’ conducted by Alexander Smith, at which the 
work of each member during the ensuing week was discussed in detail, 
was of incalculable value to the whole group, members of which would 
frequently admit that they learned more chemistry there than in any of 
their formal courses. After all, nobody knows chemistry properly until he 
teaches it; even van’t Hoff stated that as a student he never had under- 
stood the application of Avogadro’s hypothesis, and that he learned it only 
when he became an instructor in chemistry (4). The author of this article 
is willing to confess that he qualifies as a member of the van’t Hoff Club in 
this respect, and he has no doubts that there are many fellow-members 
among his audience. 

The practical side of chemistry instruction was always stressed by 
Alexander Smith, and his series of ‘“Laboratory Outlines’’ has introduced his 
innovations in this branch of the subject into almost every college in this 
country. The student must not merely do each experiment in these manu- 
als, he must understand it in all its details. The following extract (5) 
is illustrative of Alexander Smith’s line of reasoning in this connection: 


What is meant by genuine study of chemical problems? Let us take an 
example. Suppose we learn that hydrogen burns in air and forms water, 
and illustrate the fact by burning a jet of hydrogen in the laboratory and 
holding a cold beaker over the flame. This exercise has the appearance of 
having taught a fact, and we go off in the belief that the pupil thoroughly 
understands all about it. If, however, we overhaul his conceptions, we 
soon find that we have conventionalized the experiment and the result has 
been learned as a purely mechanical acquisition. 

To test this statement, take the class after this exercise, extinguish the 
jet of burning hydrogen, hold a cold beaker against the jet of unlighted gas, 
and ask what the class thinks of the moisture which the gas is seen to de- 
posit even in this condition. In a large class a few will suggest that the 
water comes from the union of the hydrogen with the oxygen of the air, 
showing that they have failed to appreciate the significance of the lighting 
of the jet. Others will think it comes from condensation of moisture in the 
atmosphere, although they can give no explanation of how this happens. 
I have not yet encountered a class of beginners in the university in which 
a single member is to be found who can suggest the correct explanation, so 
little are students, even well-prepared and intelligent ones, able to apply 
the knowledge of physics they possess. Further questioning shows that, 
although the whole preparation of the experiment had previously been 
done by the pupils themselves, and attention had been drawn to the heat 
developed by the action, not one realized spontaneously that his flask 
contained a liquid which was warm and consisted, to the extent of 80 per 
cent, of water through which the hydrogen was passing. The bare skele- 
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ton of the action, as it appears in the equation Zn + H2SO,—> ZnSO, + Hp, 
seemed to be all that their minds had consciously grasped of the whole 
paraphernalia of the action. 

It is only after a thorough discussion in which attention has been called 
to the details, that the pupil realizes that the first condensation of moisture 
was quite inconclusive as a proof that water was formed by the union of 
hydrogen and oxygen, sees the need of drying the gas, and finally learns 
that chemical work includes far more important things than putting together 
the materials stated in the equation. Now this sort of experience can be 
duplicated in almost every action studied, and it must be constantly re- 
peated in a thousand forms before any intelligence about chemical work 
can be developed. 


It will be clear from the above that a student taking chemistry under 
Alexander Smith learned a great deal besides the bare facts of the subject. 
He learned to think for himself. It he became a chemist, he never became 
a “cookbook”’ chemist, but whether he stayed in chemistry or not, the 
course gave him something of fundamental and lasting value. 

There is not space here to dwell upon more of Alexander Smith’s leading 
principles, such as his insistence on the use of physics in chemistry, his 
development of a difficult point by “‘progressive repetition,’’ his emphasis on 
historical topics, etc. His interest in the last-named field is well exhibited 
in his presidential address before the American Chemical Society at Wash- 
ington in 1911—‘‘An Early Physical Chemist, M. W. Lomonossov’”’ (6). 

Alexander Smith’s teaching career, which began its growth at Edinburgh, 
budded at Wabash College, burst into full flower at Chicago University, 
and bore prolific fruit at Columbia, came to an untimely and tragic close. 
Handicapped as he was, during the war, in his task of running a gigantic 
department with a sadly depleted staff, his health gradually broke down, 
and his final collapse was by no means unexpected. In 1919, he was but a 
shadow of his former self, and the award of the honorary degree of LL.D. 
by his alma mater, the University of Edinburgh, formed a fitting climax to 
his labors. He was introduced at the graduation ceremonies as follows: 
“A most distinguished graduate of our own University, Professor Smith has 
risen to the rank of a super-chemist in the United States, head of a depart- 
ment embracing many specialized professorships, and director of one of the 
most important laboratories in the new world. We congratulate Columbia 
University on the possession of a teacher and investigator of such rare 
ability, and we congratulate ourselves on the opportunity of laureating an 
alumnus whose success reflects no little luster on the institution where he 
received his early training.” 

On an October morning of the same year, the author of this paper ex- 
changed a cheery greeting with Alexander:Smith in the corridor of the 
chemistry department at Columbia. Each had just concluded his nine- 
o'clock lecture, and the junior jubilantly remarked that he now had the 
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rest of the day free for research. ‘‘Sandy’”’ replied with a tired smile, “] 
have another lecture at eleven.” That lecture was never given; he was on 
an operating table the same afternoon and, although he lingered a broken 
man for nearly three years, Alexander Smith really died that day, in 
harness. His many friends, knowing his worth, will long cherish him jn 
their memory. 
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Electron’s speed and location knowable but not where it is going. Where an 
electron is and how fast it is moving can be measured, but science cannot tell exactly 
where it is going, Prof. E. L. Hill of the University of Minnesota recently told the 
meeting of the American Physical Society. 

Prof. Hill restated the famous “uncertainty principle’? which has so profoundly 
modified the conception of the reliability of physical science in recent years. The 
original uncertainty principle, enunciated four years ago, led physicists to doubt if future 
physical events can be predicted with complete certainty. 

‘‘According to the ideas of the new quantum mechanics, as they have been developed 
in the last few years,”’ Prof. Hill explained, ‘‘it is not possible to follow in detail the 
motion of an electron in the manner in which astronomers can follow the motion of the 
planets or the comets. Instead one can, generally speaking, only find the chance that 
an electron will be found at a given place or that it will move with a given speed. 

“In 1927 Heisenberg in Germany enunciated his principle of ‘indetermination’ or 
‘inexactitude’ which states, among other things, that if an electron is known to be ata 
given point then one cannot tell with what speed it is moving. This limits one very 
greatly in forming an idea of the way in which electrons behave. Following a suggestion 
made by the Russian physicist, Prof. J. Frenkel, I have found that the equations of wave 
mechanics permit of a somewhat different interpretation, according to which an electron 
has a definite speed when it passes through a given point, but that one cannot tell which 
way it is going. 

“The speed which it has is just the speed it would have if it were governed by New- 
ton’s dynamical laws, but the inability to tell in which direction it is moving is a result 
of the fact that the electron obeys the laws of quantum mechanics instead of Newton’s 
laws. This result somewhat lessens the structure of Heisenberg’s principle, and makes 
the behavior of the electron much easier to understand. 

“The details of this interpretation are not yet completed, and will require discussion 
by physicists before they can find general acceptance.” —Science Service 
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HETEROGENEOUS CATALYSIS 


James A. MITCHELL,* THE JoHNS HOPKINS UNIVERSITY, BALTIMORE, MARYLAND 


Catalysis, up until quite recent times, and even now the problem is 
far from being solved, was considered a phenomenon of mystery. The 
subject has been intensively studied within the last ten years; the fact 
that it is a practical subject with wide technical application has been no 
small factor in promoting this activity, and considerable advance has been 
made toward an understanding of the problem. 

Berzelius, in 1835, recognized that a number of isolated observations 
by other workers involved a common phenomenon. In 1811, Kirchhoff 
had observed that hydrolysis of starch occurred in the presence of mineral 
acids. Thénard, in 1818, showed that various foreign substances facili- 
tated the decomposition of hydrogen peroxide. Edmund Davy in 1820, 
observed that finely divided platinum was effective in oxidizing ethyl 
alcohol to acetic acid. In 1822, Débereiner found that platinum sponge 
induced the combination of hydrogen and oxygen, and a year later, Dulong 
and Thénard observed that gold and silver effected this reaction at higher 
temperatures. Mitscherlich, in 1834, studied the conditions under which 
sulfuric acid was effective in converting alcohol to ether. In all these 
instances a chemical reaction was effected by an apparently foreign sub- 
stance and, furthermore, this substance was recovered unchanged. Ber- 
zelius was of the opinion that these reactions involved a new chemical 
force and suggested that the phenomenon be called “‘catalysis.”’ 

Numerous other reactions which escaped the attention of Berzelius are 
recognized as catalytic; in fact, centuries ago catalysts were utilized to 
facilitate various reactions such as the conversion of alcoholic liquors to 
acetic acid. The Arabians were familiar with ether and its method of 
preparation. The effectiveness of certain inorganic salts in accelerating 
the drying of protective oil coatings has long been recognized. In 1781, 
Parmentier and, in 1808, Débereiner observed that starch was hydrolyzed 
by mineral acids. Scheele, in 1792, had studied the effect of acids and 
alkalies on esterification and saponification. Clement and Desormes, 
in 1806, explained the réle of oxides of nitrogen in the chamber process 
for the preparation of sulfuric acid. In 1813 Thénard studied the de- 
composition of ammonia in the presence of metals. Sir Humphry Davy, 
in 1817, observed that certain combustible gas mixtures were oxidized 
in the presence of heated platinum wire. Fusineri, in 1825, suggested a 
connection between adsorption and catalytic activity and emphasized 
the non-homogeneity of the catalyst surface. In 1831, Phillips took out 
an English patent on the oxidation of sulfur dioxide by means of platinum 
sponge. Faraday, in 1834, undertook an extensive investigation on the 
ability of certain metals to induce the combination of gaseous mixtures 


* Present address—The du Pont Cellophane Co., Buffalo, N. Y. 
261 


262 JOURNAL OF CHEMICAL EDUCATION FEBRUARY, 1932 


and was the first to realize and appreciate the influence of impurities jn 
poisoning the catalyst. 

Since the time of Berzelius catalytic reactions have received the atten- 
tion, at some time or other, of most of the prominent chemists. 

Ostwald in 1888 broadly defined a catalyst as “‘a substance which, 
without appearing in the final product, influences the velocity of a chemi- 
cal reaction.”’ All reactions that can be catalyzed are spontaneously oc- 
curring processes; that is, thermodynamically, they take place with a 
diminution of free energy. They are effective in hastening the attain- 
ment of an equilibrium that ordinarily takes place at a slower rate, If 
this be the case a catalyst effective in the forward reaction in an equilibrium 
will also be effective in the reverse reaction. This has been repeatedly 
verified experimentally. In experimental work it is often convenient to 
choose a catalyst by taking advantage of this fact—for example, catalysts 
for the methanol synthesis have been selected from those that are most 
active in decomposing methanol into carbon monoxide and hydrogen. 
Some chemists have insisted that catalysts can actually initiate a reac- 
tion and it is very true that certain reactions are taking place at an im- 
measurably slow rate, such as the reaction between hydrogen and oxygen 
at room temperature, which is readily catalyzed by platinum black. It 
is evident also that a catalyst cannot alter the position of equilibrium of 
a reaction unless a secondary effect occurs, such as chemical combination 
between the catalyst and the reaction product. 

Within recent years it has been shown that many reactions are taking 
place under the catalytic influence of slight traces of materials such as 
water vapor or dust particles (1), etc., and this has led to the view that 
catalytic reactions are not the exception, but the rule (2). Certainly it 
is true that the majority of chemical reactions are affected or can be affected 
by catalysts. 

Several years ago chemists discussed two distinctly inimical theories 
of catalysis, the intermediate compound theory and the adsorption theory. 
Sabatier (3), one of the master experimenters in the field, was one of the 
foremost proponents of the intermediate compound theory. This theory 
postulates that a catalyst always combines in stoichiometrical propor- 
tions with one or more of the reactants, this chemical compound subse- 
quently undergoing decomposition with a regeneration of the catalyst. 
This is a very satisfactory explanation for certain reactions and in some 
cases intermediate compounds can actually be observed or isolated. For 
example, when methyl alcohol is oxidized to formaldehyde in the presence 
of copper, alternate oxidation and reduction of the copper surface can 
actually be observed under proper conditions. The intermittent for- 
mation of a film of mercuric peroxide can be seen in the decomposition 
of hydrogen peroxide by mercury (4). Undoubtedly, the intermediate 
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formation of nitrosyl sulfuric acid is involved in the chamber process for 
the preparation of sulfuric acid. It is very reasonable to suppose that an 
intermediate compound, calcium acetate, is involved in the preparation 
of acetone from acetic acid by means of calcium carbonate or hydroxide 
but it has been shown that even this reaction is readily catalyzed by silica 
gel (5), a material which could not possibly form an intermediate com- 
pound. Sabatier has carried the theory to extremes and has postulated 
intermediate compounds in all cases; for example, in the catalytic dehy- 
dration of alcohols by thoria he assumes the formation of an unstable 
ester between the alcohol and the oxide acting as an acid. It is apparent 
that a very fertile imagination is necessary in order to accept this as a 
general theory of catalysis. 

The adsorption theory postulates that a molecule under certain condi- 
tions may be activated in some manner or other after being adsorbed on 
the surface so that decomposition may subsequently occur. The experi- 
mental verification of the monomolecular adsorption theory and the recog- 
nition that forces of adsorption are after all chemical forces, together with 
the development of ideas concerning the mechanism of reactions on sur- 
faces and the nature of the catalytic surface itself, have eliminated the sharp 
distinction between the two theories and given rise to the ‘‘chemical ad- 
sorption theory.” 

In order for catalysis to occur it is necessary that one or more of the 
reactants be adsorbed although there is no general quantitative relation- 
ship between extent of adsorption and catalytic activity. As a general 
tule, it may be stated that at temperatures at which a catalyst is active, 
the amount of adsorption is extremely small. 

A catalyst can influence the rate of a chemical reaction by changing the 
path of the reaction or by activating the adsorbed molecules in some man- 
ner. The problem of activation is open to much discussion. The specific 
action of catalysts, which will be discussed in more detail later, definitely 
eliminates the possibility of activation by collision between the molecules 
and the hot surface of the catalyst, as well as the idea that the increased 
speed of the reaction is due to an increased concentration of one or more 
of the reactants in a surface layer. 

Most of the ideas advanced on the problem of activation suggest that 
a catalyst can lower the heat of activation of the reactants by “‘distort- 
ing,” ‘‘dislocating,’’ ‘‘straining,’’ or “profoundly modifying” the adsorbed 
molecules in some manner (6). Two general theories have been con- 
sidered. The atomic distortion theory suggests that the energy of acti- 
vation is lowered by influencing the electron orbits. The molecular dis- 
tortion theory is much more satisfactory from a chemical point of view— 
the energy of activation is lowered by the adsorptive forces operating in 
such a manner that the atoms are partially separated. This of course 
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necessitates that the molecules be adsorbed at more than one point on the 
surface. Burk (7) has been the foremost proponent of this theory of 
“multiple adsorption’ and other workers have followed his ideas. Ac- 
cording to this the activity of the catalyst surface would be only con- 
cerned with the number of suitably spaced adsorbing centers. Not only 
are numerous experimental results easily explained by this theory, but 
the specificity of catalysts, promoter action, etc., are easily understood. 

Andrews (8) has suggested that if a molecule is adsorbed so that one 
of its atoms is attached to the surface the distribution of vibrational 
energy will be changed and there is a certain probability that all of the 
energy may momentarily accumulate in some particular bond. This 
of course would produce a condition of greater reactivity. 

Schwab and Pietsch (9) are of the opinion that in certain instances 
heterogeneous reactions take place in a two-dimensional, monomolecular 
gas film on the catalyst surface. Bodenstein, who originally explained 
the results obtained in a study of the catalytic oxidation of sulfur dioxide 
by platinum by assuming that the speed of the reaction was determined 
by the rate of diffusion of the sulfur dioxide through a continuous layer 
of sulfur trioxide adsorbed on the surface, has recently recalculated his 
results on the basis that the rate of the reaction was determined by the 
speed at which the reactant moves through the monomolecular gas film 
to the active points on the catalyst (10). 

Recently, Taylor (11) has presented an important contribution to the 
problem of adsorption. If one assumes that a substance may be adsorbed 
on a surface in two or more ways, e. g., a diatomic gas as a molecule or as 
atoms, that the processes of adsorption are slow, and that each possesses 
a characteristic activation energy, it is possible to account satisfactorily 
for experimentally observed deviations from classical adsorption theory. 
The magnitude of the activation energy is determined not only by the 
adsorption process in question, but also by the nature of the adsorbing 
surface. Heretofore a distinction has been made between “primary” 
and ‘‘secondary” adsorption. Catalysis was usually associated with 
“primary” adsorption. On the basis of Taylor’s idea “secondary” ad- 
sorption involves processes with low heats of adsorption and low activa- 
tion energies, whereas ‘‘primary” adsorption involves high heats of ad- 
sorption and high activation energies. 

Langmuir has focused the attention of chemists on the effect that 
orientation of the adsorbed molecule may have on the course of a reac- 
tion. He has shown (12) that an adsorbed molecule of oxygen on tungsten 
or platinum is probably chemically bound to the surface and that car- 
bon monoxide is similarly held, the latter molecule being so oriented that 
the oxygen is toward the gas phase. The binding is so firm that the 
whole group, WCO, will distil off as a single molecule, 
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One of the most striking examples of orientated adsorption in catalysis 
is provided by the experiments of Palmer and Constable (13). These 
workers found that the rate of dehydrogenation and the temperature 
coefficient of a number of aliphatic alcohols on a copper catalyst was the 
same, regardless of the length of the hydrocarbon chain. Thus the CH,OH 
group only is concerned in the reaction. Burk (14) also cites these ex- 
periments in favor of his theory of multiple adsorption and very reasonably 
points out that the entire CH.OH group could not lie over a single copper 
atom so that neighboring ones would necessarily influence it. 

The relation between orientated adsorption and catalysis with char- 
coal in aqueous solution has been studied by Kruyt (15). Reactions 
may be retarded or accelerated depending upon the position of the ad- 
sorbed molecule. 

Some very interesting results in this connection have been obtained by 
Platonov (16). He has studied the adsorption and hydrogenation of or- 
ganic acids by platinum black, in water and ether as solvents. The 
amount of adsorption depends on the structure of the molecule; solubility 
is of secondary importance. There is a parallelism between the amount 
of adsorption and velocity of hydrogenation. ‘“‘Czs’’ isomers are adsorbed 
better and hydrogenate faster than “‘trans.”’ 

It has already been pointed out that Faraday clearly recognized the 
disastrous effects of certain impurities on the activity of a catalyst. Early 
attempts to place the contact process for the oxidation of sulfur dioxide 
on a commercial basis were unsuccessful because the sulfur dioxide used 
was not freed of various poisons, such as arsenical compounds. Sulfur 
compounds act as poisons in a great many contact reactions, ¢. g., the 
ammonia synthesis and hydrogenation processes. 

Progressive poisoning is an interesting phenomenon. Vavon and Hus- 
son (17) have found that the addition of a small amount of carbon bisulfide 
to colloidal platinum suppresses the hydrogenation of propyl ketone. 
The poisoned catalyst, however, is still effective in hydrogenating nitro- 
benzene and piperonal. The addition of more carbon bisulfide suppresses 
the hydrogenation of piperonal, but not of nitrobenzene. With the addi- 
tion of a large amount of the poison nitrobenzene is no longer hydrogenated. 
Rosenmund, Zetzsche, and Heise (18) have taken advantage of partial 
poisoning to favor a particular step in hydrogenation reactions. Benzoyl 
chloride is reduced almost entirely to benzyl alcohol in the presence of 
palladium when dissolved in pure benzene. In ordinary benzene, prob- 
ably due to the presence of thiophene, good yields of benzaldehyde may be 
obtained. 

There is no doubt but that a poison acts by being preferentially adsorbed 
on the active catalyst surface and first affects the centers of maximum 
catalytic activity. The amount of poison necessary to “kill” a catalyst 
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is less than that needed to cover the surface with a monomolecular layer, 

Pease (19) has shown that there is no relation between extent of adsorp- 
tion and catalytic activity. After poisoning a copper catalyst with mer- 
cury the rate of reaction between hydrogen and ethylene was reduced 
two hundredfold, while the amount of hydrogen adsorbed was reduced 
to one-twentieth of its former value. The ethylene adsorption was only 
slightly diminished. Pease has also shown that the amount of carbon 
monoxide necessary to poison a copper catalyst in the hydrogenation of 
ethylene is considerably less than the amount of hydrogen capable of 
being adsorbed by the copper. 

Experimental facts show that a catalyst may exhibit a varying adsorp- 
tion capacity for different gases even though the molecules be of approxi- 
mately the same size; the adsorption capacity of a definite catalyst varies 
with the method of preparation of the catalyst, and heat treatment and 
poisons greatly modify the adsorption capacity. These facts have served 
to emphasize that only a small portion of the catalyst surface is active 
and these points are usually exceedingly active. 

A catalyst is often very specific in its action. Depending upon the 
catalyst used, formic acid may be dehydrated or dehydrogenated. Nickel 
decomposes ethyl alcohol into acetaldehyde and hydrogen; with alumina 
the same substance is converted into ethylene and water. At the same 
temperature isobutyl alcohol is decomposed by copper into the aldehyde 
and hydrogen, by alumina into isobutylene and water, exclusively, and 
by uranium oxide into both aldehyde and isobutylene. This phenomenon 
is most remarkable in certain enzyme reactions, in which case the catalyst 
may be able to promote selectively a reaction involving different enantio- 
morphous forms of organic stereo-isomers. Pasteur in this way was able 
to separate the ammonium salts of dextro- and levo-tartaric acid and since 
his time this has been a standard method of separating such isomers. 

The term ‘‘promoter action’’ is applied to instances in which the ac- 
tivity of a mixed catalyst is greater than the sum of the activities of the 
individual constituents. As the most active catalysts are usually pre- 
ferred it is apparent that promoted catalysts are of great practical impor- 
tance and are widely used in technical reactions. 

Medsforth (20) has shown that oxide dehydrating catalysts act as 
promoters in hydrogenating carbon dioxide or monoxide. Water is one 
of the products of the reaction. Medsforth has classified promoters into 
those that decompose intermediate compounds formed by the catalyst, 
those that form an intermediate compotind with the reactant which is 
decomposed by the catalyst, and those that produce increased concentra- 
tion of the reactant on the catalyst surface. 

Armstrong and Hilditch (21) are of the opinion that in certain hydrogena- 
tion reactions a promoter merely increases the available catalytic surface. 
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Bancroft (22) suggested that the catalyst activates one reactant while 
the promoter activates the other. 

Pure, finely divided manganese oxide is effective in completely oxidizing 
mixtures of carbon monoxide and air at temperatures as low as —30°. 
The presence of even small amounts of adsorbed alkali poisons the cata- 
lyst. By the addition of certain oxides (the ordinary Hopcalite mixture 
contains 60% manganese dioxide and 40% cupric oxide) the poisoning 
effect of alkali is no longer apparent. Whitesell and Frazer (23) are of 
the opinion that in this instance cupric oxide acts as a promoter by de- 
creasing the amount of adsorbed alkali or affecting the way in which it 
is held. 

Taylor and Kistiakowsky (24) have shown that a promoted catalyst 
for the methanol synthesis exhibits a much greater adsorptive capacity 
for the reactants than the unpromoted catalyst. 

Taylor and Williamson (25) have indicated that the problem of pro- 
moter action is not only connected with extent of adsorption, but also with 
the velocity of the adsorption process. 

It is generally believed that a supported catalyst owes its increased 
activity to the increase in catalyst surface. Other factors may be in- 
volved, ¢. g., a supported catalyst may be less apt to sinter. In certain 
instances a support may be used to dissipate the heat liberated in an 
exothermal reaction. Lewis and Frolich (26) have used copper for this 
purpose in the methanol synthesis. 

Within recent years considerable advance has been made toward eluci- 
dating the nature of the catalyst surface. Taylor (27) has proposed an 
idea that has been received with great favor although there is really no 
direct experimental evidence to prove it. Certainly it is a reasonable 
idea and it has become firmly intrenched in modern catalytic theory. 
Taylor examined metallic hydrogenation catalysts by means of X-rays 
and found that they possessed the definite lattice structure of crystalline 
material. The fact that such catalysts to be active must be prepared 
in a finely divided state and that reduction from the oxide to the metal 
must be done at a low temperature would suggest that atoms in the surface 
would not have attained an orderly arrangement. As a result of this 
irregularity, surface atoms would exhibit various degrees of unsaturation 
toward the gas phase. Taylor suggests that the active centers in cataly- 
sis are peaks of ‘‘extra-lattice’’ atoms of a high degree of unsaturation. 
Edges and corners of crystals would be less active according to the degree 
of unsaturation. A nickel atom, for example, attached by one bond to 
the surface would be in an optimum condition for catalysis. Nickel is 
capable of combining with four molecules of carbon monoxide to form 
nickel carbonyl. A singly bound atom would have three unused valencies 
and would be able to adsorb two reactants simultaneously. 
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is less than that needed to cover the surface with a monomolecular layer, 

Pease (19) has shown that there is no relation between extent of adsorp- 
tion and catalytic activity. After poisoning a copper catalyst with mer- 
cury the rate of reaction between hydrogen and ethylene was reduced 
two hundredfold, while the amount of hydrogen adsorbed was reduced 
to one-twentieth of its former value. ‘The ethylene adsorption was only 
slightly diminished. Pease has also shown that the amount of carbon 
monoxide necessary to poison a copper catalyst in the hydrogenation of 
ethylene is considerably less than the amount of hydrogen capable of 
being adsorbed by the copper. 

Experimental facts show that a catalyst may exhibit a varying adsorp- 
tion capacity for different gases even though the molecules be of approxi- 
mately the same size; the adsorption capacity of a definite catalyst varies 
with the method of preparation of the catalyst, and heat treatment and 
poisons greatly modify the adsorption capacity. These facts have served 
to emphasize that only a small portion of the catalyst surface is active 
and these points are usually exceedingly active. 

A catalyst is often very specific in its action. Depending upon the 
catalyst used, formic acid may be dehydrated or dehydrogenated. Nickel 
decomposes ethyl alcohol into acetaldehyde and hydrogen; with alumina 
the same substance is converted into ethylene and water. At the same 
temperature isobutyl alcohol is decomposed by copper into the aldehyde 
and hydrogen, by alumina into isobutylene and water, exclusively, and 
by uranium oxide into both aldehyde and isobutylene. This phenomenon 
is most remarkable in certain enzyme reactions, in which case the catalyst 
may be able to promote selectively a reaction involving different enantio- 
morphous forms of organic stereo-isomers. Pasteur in this way was able 
to separate the ammonium salts of dextro- and levo-tartaric acid and since 
his time this has been a standard method of separating such isomers. 

The term ‘promoter action”’ is applied to instances in which the ac- 
tivity of a mixed catalyst is greater than the sum of the activities of the 
individual constituents. As the most active catalysts are usually pre- 
ferred it is apparent that promoted catalysts are of great practical impor- 
tance and are widely used in technical reactions. 

Medsforth (20) has shown that oxide dehydrating catalysts act as 
promoters in hydrogenating carbon dioxide or monoxide. Water is one 
of the products of the reaction. Medsforth has classified promoters into 
those that decompose intermediate compounds formed by the catalyst, 
those that form an intermediate compotind with the reactant which is 
decomposed by the catalyst, and those that produce increased concentra- 
tion of the reactant on the catalyst surface. 

Armstrong and Hilditch (21) are of the opinion that in certain hydrogena- 
tion reactions a promoter merely increases the available catalytic surface. 
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Bancroft (22) suggested that the catalyst activates one reactant while 
the promoter activates the other. 

Pure, finely divided manganese oxide is effective in completely oxidizing 
mixtures of carbon monoxide and air at temperatures as low as —30°. 
The presence of even small amounts of adsorbed alkali poisons the cata- 
lyst. By the addition of certain oxides (the ordinary Hopcalite mixture 
contains 60% manganese dioxide and 40% cupric oxide) the poisoning 
effect of alkali is no longer apparent. Whitesell and Frazer (23) are of 
the opinion that in this instance cupric oxide acts as a promoter by de- 
creasing the amount of adsorbed alkali or affecting the way in which it 
is held. 

Taylor and Kistiakowsky (24) have shown that a promoted catalyst 
for the methanol synthesis exhibits a much greater adsorptive capacity 
for the reactants than the unpromoted catalyst. 

Taylor and Williamson (25) have indicated that the problem of pro- 
moter action is not only connected with extent of adsorption, but also with 
the velocity of the adsorption process. 

It is generally believed that a supported catalyst owes its increased 
activity to the increase in catalyst surface. Other factors may be in- 
volved, e. g., a supported catalyst may be less apt to sinter. In certain 
instances a support may be used to dissipate the heat liberated in an 
exothermal reaction. Lewis and Frolich (26) have used copper for this 
purpose in the methanol synthesis. 

Within recent years considerable advance has been made toward eluci- 
dating the nature of the catalyst surface. Taylor (27) has proposed an 
idea that has been received with great favor although there is really no 
direct experimental evidence to prove it. Certainly it is a reasonable 
idea and it has become firmly intrenched in modern catalytic theory. 
Taylor examined metallic hydrogenation catalysts by means of X-rays 
and found that they possessed the definite lattice structure of crystalline 
material. The fact that such catalysts to be active must be prepared 
in a finely divided state and that reduction from the oxide to the metal 
must be done at a low temperature would suggest that atoms in the surface 
would not have attained an orderly arrangement. As a result of this 
irregularity, surface atoms would exhibit various degrees of unsaturation 
toward the gas phase. Taylor suggests that the active centers in cataly- 
sis are peaks of ‘‘extra-lattice’’ atoms of a high degree of unsaturation. 
Edges and corners of crystals would be less active according to the degree 
of unsaturation. A nickel atom, for example, attached by one bond to 
the surface would be in an optimum condition for catalysis. Nickel is 
capable of combining with four molecules of carbon monoxide to form 
nickel carbonyl. A singly bound atom would have three unused valencies 
and would be able to adsorb two reactants simultaneously. 
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Taylor has stated that several experimental results are in accord with 
this theory. The most important of these are: first, the high heat of ad- 
sorption of oxygen on charcoal indicates that at least a portion of the 
surface atoms are partially bound to the surface and are approaching the 
condition of gaseous atoms; second, the heat of reaction of certain finely 
divided materials are higher than when the material is in bulk, e. g., the 
solution of calcium carbonate in hydrochloric acid; and third, finely di- 
vided manganese dioxide, which will completely oxidize mixtures of car- 
bon monoxide and air at temperatures below zero degrees, actually loses 
oxygen at room temperature—the dissociation pressure of such manganese 
dioxide is greater than the partial pressure of oxygen in the atmos- 
phere (28). 

These experimental facts cannot be denied. The composite nature 
of the catalyst surface has already been emphasized—only a small por- 
tion of it can be active catalytically. There is no doubt that some of the 
surface atoms of certain catalytically active materials are loosely bound. 
but it does not necessarily follow that these are the centers of catalytic 
activity. 

Armstrong and Hilditch (29) have gone a step farther and have suggested 
that at the time of catalytic action the active atom is momentarily de- 
tached from the surface. The detached atom may catalyze the reaction 
of more molecules, it may coalesce with other atoms to form a colloidal 
particle, or it may become reattached to some solid surface. The last 
two conditions may be observed. In liquid phase hydrogenation with 
nickel the material afterward often contains a colloidal suspension of 
nickel and the walls of the vessel often become coated with a layer of nickel. 
The observation that catalyst surfaces roughen with use also supports 
this idea. 

Certain workers, however, have not accepted Taylor’s idea. Burk (30) 
has suggested that it is just as reasonable to expect the interfaces be- 
tween crystals of the catalyst to serve as ‘‘active centers’ as the ‘‘peaks.” 
He has also pointed out that results that have been interpreted on the 
basis of Taylor’s theory are just as well explained by assuming a plane 
surface. Constable (31) in an investigation on the sintering of copper 
catalysts concluded that coarse structures collapse more easily than fine 
ones. Beebe (32) found that the heat of adsorption of carbon monoxide 
on copper was higher for initial portions than for later portions. The most 

unsaturated points are first affected. After poisoning the catalyst the 
integral heat of adsorption was greater than on the unpoisoned catalyst. 
This forced Beebe to the conclusion that the most active points catalyti- 
cally are not the most unsaturated ones. He suggests that one might 
expect the most unsaturated points to be less active catalytically, for the 
adsorbate would be more firmly bound to a highly unsaturated atom. 
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Gibbs and Liander (33) have recently reported an attempt to verify 
Taylor's theory experimentally. A material prepared in a colloidal con- 
dition would be expected to furnish an excellent catalyst. It is known 
that nickel obtained by the decomposition of nickel carbonyl in hot oil 
isa very effective hydrogenation catalyst (34). Nickel aerosol and aerogel 
were prepared and it was found that such nickel was at best only a second- 
rate catalyst and in no way comparable with a Sabatier catalyst prepared 
by reduction of the oxide. The authors of this paper interpret their re- 
sults in conformity with Taylor’s theory by assuming that the nickel parti- 
cles after formation take up stable positions when coalescing, leaving few 
isolated or highly unsaturated atoms. 

Adkins (35) has long held the view that the space relationship of active 
centers in catalysis was a factor of considerable importance. He has 
suggested that the variation in ratio of simultaneous reactions occurring 
on the same catalyst surface was determined by this factor. Taylor (36) 
has criticized this view and has suggested that with an oxide catalyst 
when we are dealing with simultaneous dehydrogenation and dehydra- 
tion, the metal ion is the dehydrogenation center and the oxide ion the 
dehydration center. The extent of the two reactions would then de- 
pend on the extent of adsorption of the reactants on the two ions, the 
number of ions on the surface, and their condition, 7. e., the degree of un- 
saturation and the extent to which they are covered by adsorbed foreign 
ions. The experimental work of Adkins and Millington, however, has 
shown that this is probably not the case. 

Burk’s theory of “multiple adsorption” and molecular distortion has 
already been discussed. Not only are certain experimental results strik- 
ingly in accord with this view (37), but no experimental point in catalysis 
is incompatible with it. Promoter action is easily explained by an in- 
crease in the number of optimum spacings, and the specificity of catalysts 
can be explained by the manner in which the molecule is adsorbed. Like- 
wise, no relation is to be expected between extent of adsorption and 
catalysis. 

Balandin (38) has extended the ideas of Burk and advanced what he 
terms the ‘‘multiplet hypothesis’; Balandin believes that several types 
of adsorption may be taking place at once. Adsorption of a molecule 
at a single point will not result in activation, but if the molecule be ad- 
sorbed at more than one point the molecule may be stretched, activated, 
or torn apart. Adsorption of this type only is conducive to catalytic 
activity. So far these ideas are similar to those of Burk. But Balandin 
has been more explicit. For example, he explains the specificity of certain 
catalysts in decomposing ethyl alcohol in the following manner—if the 
hydroxyl radical and a hydrogen atom are adsorbed at one point and the 
two carbon atoms at another the molecule will decompose into water 
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and ethylene. If one point of an active center adsorbs two hydrogen 
atoms and the other point adsorbs the remainder of the alcohol molecule, 
dehydrogenation will result ‘with the formation of aldehyde. He has 
shown that only metals which possess face-centered cubic or hexagonal 
lattice structure are effective in dehydrogenating cyclohexane to benzene, 
He postulates that the benzene molecule is adsorbed on three points of a 
triangle—two carbon atoms on each adsorbing center. In dehydrogenat- 
ing cyclohexane there must also be three other points suitably situated 
which will act as attracting centers for the hydrogen. This explains why 
benzene is the only dehydrogenation product of cyclohexane and also 
why cyclopentane or cycloheptane cannot be dehydrogenated. Balandin 
is also able to show that active catalysts are comprised of those metals 
whose lattice distances are within definite limits. 

Smekal (39) has come to the conclusion that crystal imperfections are 
the centers of catalytic activity. 

Thus the subject of catalysis seems to have made reasonable progress 
in recent years. A critical survey, however, may indicate that in cer- 
tain phases of the subject headway has not been very apparent. In some 
instances older ideas are merely expressed in a more picturesque manner. 
Much of the discussion on catalysis is expressed with a vagueness that 
precludes all possibility of usefulness; many of the theories are filled with 
conjecture, backed by too little experimentation. Along certain lines of 
attack future progress seems impossible. However, new and valuable 
tools such as the X-ray are being brought into use (40). There is no doubt 
of the extreme importance of investigations along this line when we con- 
sider the fact that X-ray examination of catalysts enables us to obtaia 
the approximate particle size, the crystal class, and the size and type of 
the unit cell (and its variation with the admixture of foreign materials). 
Certainly the subject of catalysis would be greatly benefited by an entirely 
new line of attack. The donor of such an impetus would undoubtedly 
be received with enthusiasm and it will not be necessary that he wait 
for posterity to acclaim his virtues. 
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PHARMACEUTICAL EDUCATION 


Wort ey F. Rupp, MEpIcAL COLLEGE OF VIRGINIA, RICHMOND, VIRGINIA 


A brief survey is given of the influences that have brought about the changed 
conditions in pharmacy. What 1s being done to improve these conditions and 
what pharmacy will be when all who go into it have had a full four years of 
college work, two of which are almost entirely fundamentally cultural in their 
content, are discussed. 


Men and women now in their seventies or even sixties have seen as 
radical changes in the appearance and major activities of the drug store 
as in any other public service institution. In fact these changes have been 
so fundamental that the modern store—and its proprietor—have become 
the butt of the jokester and the comic strip, whereas they were once, even 
in the memory of many of us, dignified and highly respected scientific 
centers. This change is frequently the subject of serious discussion in the 
press and very properly so. 

In the July Aélantic Monthly, Dr. Flexner (1), a distinguished member 
of a distinguished family, writes delightfully about pharmacy as it was 
when he worked in an old-time drug store and as the modern store appears 
to him today. “A Vanishing Profession’ he calls it, with a note of keen 
regret running all through his article. His conclusions, as indicated in the 
title, are fully justified by the data from which they are drawn. They 
are probably shared by a large majority of those who do not know at first 
hand something of how it has all happened and what is being done to 
restore pharmaceutical service to its proper place in the health program. 
The question raised in his title, whether in these changing times the pro- 
fessional pharmacist has a place in this program, furnishes an opportunity 
to tell briefly some things the public should know about pharmacy. 

First, we offer some expert opinion and data as an answer to this very 
natural question; then a brief summary of the forces and events which are 
responsible for the pharmacy of today and what is being done about its 
tomorrow. 

It is hardly necessary to say that this article will be partisan. As we 
see it the story can be told by only three groups: laymen who must get 
it second hand; pharmacists who have helped bring about the status quo, 
who approve of it and believe it has come to stay; or pharmacists who dis- 
approve of the status quo and have opposed the policies which have brought 
it about and are now striving to change it. 

Even in the selection of expert opinion the usual custom of calling those 
who agree with us will be followed. Their competency as experts must be 
the responsibility of the reader. 

Dr. Hugh Cumming (2), Surgeon General of the U. S. Health Service, in 
addressing a group of pharmaceutical educators said: 
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I like to think of the profession in this broad sense as a great army which, 
like all modern armies, is composed of groups of individuals, all of whom 
have a common object but each of whom is devoted to one phase (or factor) 
looking toward the success of the conflict. I fancy the well prepared gen- 
eral practitioner with his broad vision and general knowledge, such as men 
like Osler, to be the general staff or commanders-in-chief of such an army, 
in whom are collected all of the various sources of information and knowl- 
edge of resources of the army, while the diagnostician and the various 
technicians are comparable to the reconnoitering parties who bring to 
headquarters information regarding the terrain and the territory occupied 
(that is, the patient) and also the number, character, and disposition of the 
enemy, in this case the disease or injury. However much information the 
commander-in-chief may have regarding these factors, he is helpless unless 
he have the proper weapons and resources for offense and defense. I look 
upon you gentlemen as constituting the ordnance department of such an 
army, responsible for furnishing efficient weapons and ammunition....... 
The medical profession has so recently gone through the painful throes of 
drastic purgation and reconstruction in the educational field that we ob- 
serve your efforts not only with a full realization of the sacrifice that must 
be made but also with the assurance that the results will amply compensate 
you for the expenditure of time and effort. 

. Se It seems to me that as men are coming to both the profession of 
medicine and pharmacy with much better preparation, there will be even 
greater opportunity for specialization and codéperation than ever before 
and less risk of overlapping and duplication of work. 

ae I know of no other profession or trade which has a greater oppor- 
tunity to impress upon the half-informed or ignorant part of our public 
the truths of preventive medicine. 


Dr. W. W. Charters (3) in his introduction to “Basic Material for a 
Pharmaceutical Curriculum,’ a study made possible by a subvention 
from the Commonwealth Fund, speaks as a layman who studied the field of 
pharmacy for about four years or during his chairmanship of the committee 
in charge of this study. 

Today pharmaceutical research is scholarly and productive. In the 
laboratories of two continents scientists are industriously and effectively 
studying the problems of the field....... At the present time, however, the 
profession is undergoing a heavy barrage of criticism. ..... Some critics 
say that in the effort to commercialize the occupation, the ancient pro- 
fessional morale has been lost with the result that the occupation has 
ceased to be a profession and has now become a trade. 

It is therefore of interest to examine this vocation which in numbers is 
not inconsiderable and in history is rich and worthy. It is a matter of 
major social importance to know with some definiteness just what the 
pharmacist does, what place he fills or may fill in society, how much he 
needs to know and what sort of training should be given him in order that 
he may properly and intelligently fulfil his functions. The criticisms just 
enumerated become immaterial if a picture can be drawn showing the full 
round of the responsibilities of the pharmacist and the amount, depth, and 
extent of the training which is needed to fit him adequately to fulfil his 
obligations. 
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se gee oak The pharmacists are therefore more strategically situated than 
any other group of individuals to give personal advice upon matters of 
public health on which they are informed. The information is given free 
of charge and can be secured within easy walking distance of the home. 
The materials necessary for controlling the health problem are in stock 
and can be obtained promptly. Queries about health facts are casually 
asked by interested customers. Odds and ends of information not easily 
accessible in the health literature can be gained in such conversations with 
a pharmacist. A well-informed pharmacist is the best single individual to 
disseminate information about public health. 

rer rts. In conclusion, then, we present this picture of the typical pharma- 
cist which the college of pharmacy is to train. He is a man with interests 
and obligations outside of his profession; his personality and character 
should be of a high degree of competence. In his profession, he buys and 
sells a wide variety of products; he fills prescriptions, and manufactures, 
He assists in the control of insects, fungi, and germs. He is a valuable 
source of information on public health and on other scientific matters. 


College and university presidents who have executive responsibility for 
pharmaceutical education are on record in considerable number, that with 
the educational advances and legal restrictions to be described in this paper, 
pharmacists of the future will be even closer to and more efficient co- 
workers with other health groups than they have ever been in the past. 

A survey of the modern hospital with its pharmaceutical staff, called 
upon for professional services unheard of a generation ago, is evidence of 
the place of pharmacy in the health program. 

The rapid increase of professional pharmacies in the large centers of 
population is cited by Dean C. B. Jordan, past chairman of the House of 
Delegates of The American Pharmaceutical Association, as indicating a 
definite improvement in the status of the profession in these centers. Fur: 
ther evidence seems unnecessary. 

The metamorphosis of Dr. Flexner’s old-time store into the drug em- 
porium of today began even before the time of which he writes. Early 
in the nineteenth century it was apparent that the community drug store 
could be made increasingly the outlet for all sorts of merchandise more or 
less related to drugs. Producers of these products were quick to realize 
their opportunity and the results were inevitable—more products, more 
outlets, and a slow but sure drift from the primary functions which by 
common consent belonged to the drug store. It seemed good business and 
frequently was, measured in terms of net financial returns. 

Many proprietors of those days were, like Dr. Flexner’s preceptor, men 
of sound scientific attainments and loyal through and through to the 
finest traditions of their profession. They saw in this new movement 4 
cloud on the pharmaceutical horizon, at first no larger than a man’s hand, 
but they saw it grow rapidly as their apprentices, keenly alive to the oppor- 
tunities offered by this new commercialism, one by one became theif 
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competitors. The lack of legal restrictions and generally recognized 
educational requirements for the practice of pharmacy, the lure of new 
fields for profit and the eagerness of apprentices to become proprietors, 
contributed to an increase in the number of stores far beyond both the 
public need and their ability to live as bona fide drug stores. 

This chaotic condition and what it would surely lead to was soon recog- 
nized as a menace to be controlled only by legal restrictions and educational 
prerequisites. For a century the contest has waged among pharmacists 
themselves as to just how far the state should control the practice of phar- 
macy, and how much and what kind of education should be required of 
those planning to enter the profession. An almost unanimous agreement 
on one legal restriction was reached more than a half century ago. It was 
that pharmacists should be licensed only after passing an examination 
given by a legally constituted group of pharmacists known from the 
beginning in most of the states as Boards of Pharmacy. Requisites for 
eligibility to take this examination is still a question of bitter controversy. 
In fact it has always been the basis for a division of pharmacists into 
two major factions and has influenced the whole trend of pharmacy pro- 
foundly. 

The point of view of one of these groups is admirably described by 
James Truslow Adams (4) in a paragraph from his ‘‘Wanted! Perspective.” 

He tells the story of a boy who having lived to college age in a tiny settle- 
ment remote from what is commonly called civilization, selected a college 
that would give him a professional degree in two years. Every hour of his 
working day for two years would be concentrated upon subjects im- 
mediately concerned with the technic of what he was planning to do after 
receiving his degree. No English, no history, no cultural subject in his 
preparation for a professional career! We do not know what profession 
he was talking about but he describes precisely the type of training offered 
for almost three-quarters of a century by the pharmacy schools in America. 
Indeed the description is applicable even today to some (happily decadent) 
institutions which are known as schools of pharmacy. It is vigorously de- 
fended by some college faculties. 

While college training as a prerequisite to examination by the State Board 
of Pharmacy was not compulsory in any state of the Union until the early 
years of the present century these examinations were becoming increasingly 
difficult to pass. The more ambitious young men were willing to pay for 
systematic instruction in the subjects upon which they were to be ex- 
amined. Indeed even before examinations were made a legal requirement 
at all, schools of pharmacy were organized for the relatively few who took 
their work seriously and were not willing to go into the practice of phar- 
macy without some training in the fundamental sciences upon which the 
profession is based. However, the emphasis given to purely vocational 
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training by these early institutions of even the better type has proved a 
handicap that will follow pharmacy for at least another generation. 

In the meantime the East and parts of the Midwest and South had 
become overrun with schools established and controlled and frequently 
owned by pharmacists and dependent almost wholly on student fees for 
maintenance. Many students meant large incomes, few students spelled 
hard times. Drug stores continued to increase rapidly and the demand for 
men who had passed the state board examinations was for a time equal to 
the supply in most of the states, sometimes even greater. Mushroom quiz 
schools sprang up in many of the large cities, guaranteeing to prepare 
men for the board examinations in from three to six months. Utter 
demoralization was the inevitable result. 

The first definite challenge to this apprenticeship, vocational, question- 
and-answer method came with the organization of a department of phar- 
macy in one of the state universities and was followed fairly rapidly by 
similar action in several others, both in the West and in the South. They 
were like a breath of fresh air. From the beginning they shifted the 
emphasis. Student fees meant almost nothing to them. University 
atmosphere, university instruction, and university standards for phar- 
macists! It seemed almost too good to be true. 

Briefly then the conditions in pharmacy at the beginning of the present 
century were: 

(1) Examination for license as registered pharmacist following a four- 
year drug-store apprenticeship was the only major legal requirement in a 
majority of the states. 

(2) Independent schools of pharmacy of varying degrees of efficiency, 
practically all of them wholly dependent upon student fees (a recognized 
menace to professional education) were training an ever-increasing number 
for the state board examinations. 

(3) Courses in pharmacy were being offered in tax-supported colleges 
and universities which had an entirely new outlook on the whole field of 
pharmacy. A few broadly trained men has been their objective from the 
beginning. 

(4) The supply of pharmacists (each registered pharmacist is a potential 
drug-store owner) and drug stores was fast becoming much greater than was 
needed. 

(5) A high degree of commercialization of the drug business was a 
necessity for the very existence of this rapidly increasing number of stores. 

With the turn of the century came thé organization of a group of the 
schools into what was then called The American Conference of Phar- 
maceutical Faculties. So divergent were the interests and ideals of these 
schools that only two points of agreement could be reached during the 

early years of the Conference. Member schools must require a minimum 
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of one year of high-school work for entrance and two years of pharma- 
ceutical instruction for graduation. The influence of the independent 
schools was dominant for more than a decade. Gradually, however, en- 
trance requirements were raised to two, three, and finally, in 1923 to four 
years of high-school work. The minimum two-year curriculum continued 
for more than two decades, when it was increased to three, and beginning in 
1932 all member schools will require a full four-year course, with the 
bachelor’s degree, the standard degree in pharmacy. 

The Conference—now the American Association of Colleges of Phar- 
macy—includes at the present time more than three-fourths of all the 
pharmacy schools in the U. S. and its possessions, and all that are not 
largely or wholly dependent upon student fees for maintenance. For 
more than a decade the university schools have largely controlled its policies 
and are having a profound influence in liberalizing the pharmaceutical 
curriculum in the independent schools. Many member schools have been 
offering the four-year course for a number of years and already men with the 
bachelor’s degree are a leaven in the body pharmaceutic. Probably a 
dozen schools offer work in pharmacy leading to the master’s and four 
or five have graduate schools in which pharmacy may be offered as the 
major, and the Ph.D. awarded in this subject as in chemistry, education, or 
mathematics. In more than three-fourths of the states, graduation from a 
College of Pharmacy is a prerequisite for examination by the state boards. 
In several states graduation must be from a school holding membership 
in the college organization. It is confidently believed that those states 
allowing examination by the state boards without college graduation will 
soon come under this prerequisite as all of them have such legislation 
pending. 

What of the future then? Is Dr. Flexner right? Is pharmacy a ‘‘Van- 
ishing Profession’”’ ? 

The evidence that you see around you even today still warrants an 
affirmative answer. The legal restrictions and educational requirements 
that have come so rapidly in the past decade have made little visible im- 
pression upon the modern store. These things are but means to four 
major objectives and it will require at least another generation for the 
effects to be apparent to the casual observer. A very large number, per- 
haps a majority of the drug stores of today, are still manned by pharmacists 
who have come into the work with no college training and many of them 
with little or no high-school education. 

The four objectives are: 

(1) A college course of four years, probably half of which shall be given 
up to liberal training, for every man going into pharmacy. This will put 
him on an educational equality with men in other professions and free 
him from the short-course complex from which he now suffers. 





278 JOURNAL OF CHEMICAL EDUCATION FEBRUARY, 1932 


(2) An enormous curtailment in the number of men going into pharmacy, 
This will mean the death of some colleges that depend upon student fees, 
but the poorer ones should go just as the poorer medical schools were closed 
when the Carnegie Study, conducted by Dr. Flexner’s brother, was pub- 
lished about 1910. The needs of the public for reasonable pharmaceutical 
service should alone determine the number trained for such service. 

(3) The professional spirit must be rekindled in those who come to our 
colleges for their pharmaceutical training. This is a difficult task. Many 
pharmacy students work in the modern stores. Pharmacy schools have 
perhaps their heaviest obligation in connection with this task. The good 
schools are meeting the obligation squarely and enthusiastically; others 
must do it or pay the price. 

(4) Endowment or some other form of financial assistance for the schools 
now depending upon student fees, so that the economic pressure may not 
have undue influence in the matriculation of large numbers. 

Restrictive policies are already having their effect in some sections of 
the country. There are fewer drug stores in our own state than there were 
five years ago. ‘There are still far too many, particularly in the urban 
sections. Exacting requirements for entrance; elimination of the poorer 
men in the first or second year, and higher standards for graduation are 
contributing their share toward a rapidly decreasing number of potential 
drug-store proprietors in many states. Fortunately, each state sets its own 
standards for those who may be licensed to practice within its borders. 
The crossing of state lines is difficult; otherwise a flood from a few states 
that still educate far more than they can absorb would undo the whole- 
some effects of restriction in those states (and they are now a large majority) 
that are committing themselves to a new order in planning for the phar- 
macists of the future. 

When all the pharmacies are in charge of men who have met the exacting 
requirements we have described, and that time seems not very far in the 
future, what sort of pharmacies will they be? Will these men be willing 
to continue pharmacy as it is today? Will not the public expect and 
even demand a difference? Or will they! 

It is evident to even the most optimistic that in spite of the legal re- 
strictions and vastly improved educational opportunities for pharmacy, 
all the problems that have so seriously beset it for a century are not yet 
solved. There are still among us many who see the pharmacist as just 
another high-powered salesman. They must die and their places gradually 
be filled by men devoted to the ideal that-the only reason for the existence of 
the pharmacist at all is the same as that for the physician, dentist, or nurse; 
namely, that he is a worker in the larger field of public health. 

We have a long way to go, but there are signs everywhere that we are 
already on the way. 
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Universe is exploding, Eddington tells scientists. The universe is actually ex- 
ploding and the galaxies are scattering apart at a terrific rate, Sir Arthur Eddington, 
professor of astronomy at Cambridge University, contended recently before the British 
Association for the Advancement of Science. In support of his contention he presented 
computations based solely on pure mathematical and physical theory, without the use 
of astronomical data. The rate of recession of nebulae thus obtained is in close accord 
with Dr. Edwin P. Hubble’s Mt. Wilson Observatory figures for the red shift of nebular 
spectra observed through the hundred-inch telescope. 

Prof. Hubble said, ‘‘ Detailed theories of stellar evolution are overshadowed by the 
fact that the time scale is again in the melting pot. With a rapid-expansion universe, a 
very long time scale of billions of years, fashionable recently, becomes exceedingly in- 
congruous. We have to accept an age of ten to the tenth power of ten billion years 
for galaxies and presumably also for stars.”’ 

Since the age of the earth alone, derived through the radioactive method, is over a 
billion years, this embarrasses astronomers, geologists, and biologists. Prof. Eddington 
derived the actual rate of expansion of the universe from the wave equation for the elec- 
tron, which is the fundamental equation of the modern quantum theory. This equation, 
adapted to the curvature of space, contains the term: ‘“‘the square root of the number 
of electrons in the universe divided by the radius of the universe in a state of equilib- 
MC? 

FE? 

Combined with the formulas of the relativity theory, this gives the principal data 
of the size of the universe. Its original radius was 1,070,000,000 light-years, before it 
started expanding. Its rate of expansion is 528 kilometers per second per megabarsec, 
compared with 465 derived from the Hubble astronomical data. It is over a hundred 
miles per second for each million light-years’ distance. The close accordance of the 
theory with observation forces acceptance of an alarmingly rapid dispersal of nebulae, 
with important consequences in limiting the time available for evolution,” Prof. Edding- 
ton concluded. 

In the depths of space, where atoms are sparse, a cluster of four hydrogen atoms, 
free from collisions for a long time, will jump over their potential wall and form a nucleus 
emitting a cosmic ray, Prof. Robert Andrews Millikan, of the California Institute of 
Technology, declared. Dr. Millikan’s theory is based on the demonstration that 
atomic changes not found on the earth occur in the nebulae, where atomic collisions are 
infrequent. Dr. Millikan’s new researches during the past summer support the view 
that cosmic radiation consists of the wirelessed birth-cries of helium, oxygen, silicon, 
and iron, synthesized from hydrogen in interstellar space. 

Dr. Millikan, attacking the second law of thermodynamics, said, “It is merely a 
generalization based on observation on earth, that all energy tends to be converted 
into heat and radiated away, hence lost.’’—Science Service 
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RESEARCH FOR THE UNDERGRADUATE* 


R. E. Kirx,** Montana STATE COLLEGE, BozEMAN, MONTANA 


Two fallacies are discussed: the tacit assumption of many teachers that 
senior standing or enrolment in the graduate school is a prerequisite to chemical 
research, and the statement that carrying water for a Millikan is the ideal intro. 
duction to a career of scientific research. The real function of research asa 
leaching tool is described and the mental benefits described. Illustrations are 
cited from the author's experience with freshman and sophomore students to 
show how the research point of view may be developed with superior students, 
The reports of such researches are not usually “published,” for they may not 
contain a ‘‘contribution to knowledge,’’ but they show the benefits of the proposed 
teaching technic. It is believed that such supplementary teaching is the ideal 
way to provide for the student of superior mental ability. Such students can by 
such devices obtain an excellent foundation for the professional work of the last 
years of the undergraduate course in which they are rounding out their general 
education. Such procedures are independent of any curricula but are deemed 
a first step toward a possible shortening of the time required for achieving formal 
graduate standing. 


We all do lip service to “‘research.’’ We all recognize completely the 
value of both ‘applied’ and “‘pure’’ research. We stress training in re- 
search methods in our graduate schools. Very often a ‘‘thesis’’ is required 
of our seniors in chemistry and chemical engineering. We continually 
(and rightly) ask for more time, more money, and more assistants in order 
to further our research programs. We are ardent believers in research 
until we face the problems of undergraduate instruction. Then, far too 
often, we forget all about research and the research idea, and plan a mecha- 
nistic course of study designed to acquaint our major students with technic 
or principles. Why should we overlook the vitalizing power of research? 

The first fallacy that one must combat is the idea that senior standing or 
enrolment in the graduate school is a prerequisite to chemical research. 
Does the attainment of senior standing or the possession of a baccalaureate 
degree change, at one fell swoop, the mental caliber of a student? Why 
not give the freshman or sophomore student a taste of the red meat of 
research? 

Another fallacy prevalent even in graduate schools is that ‘‘carrying 
water for a Michelson or a Millikan’’ is the ideal introduction to a career 
of scientific research. I doubt very much the teaching value of such work. 
If a university investigator needs water carried he should pay for it in 
some other coin than degrees. I am not arguing that the would-be re- 

* Presented before the Division of Chemical Education of the A. C. S. at the 
Buffalo meeting, August 31—-September 4, 1931. 

** Present address is Polytechnic Institute, 85-99 Livingston Street, Brooklyn, 

New York. 
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searcher should carry no water; I insist, however, that he use the water 
after he carries it. 

It seems very important that more attention be paid to research, not 
as an end, but as a teaching tool. In light of that opinion, this paper 
is brought before you. How can the teacher of underclassmen use research 
as a teaching tool? 

May I quote Dr. Maynard M. Metcalf (1) of The Johns Hopkins Uni- 


versity— 


I would rather speak to the question of the place of the undergraduate 
college in an American program of education based upon the research idea 
and designed to cultivate the research habit of mind, that is, a system 
planned to encourage curiosity, productive effort, and individual judgment. 
I would have the program begin with the pre-kindergarten child in the 
home, encouraged in investigation and experiment for the sake of satisfying 
its own curiosity. Through all the school training I think this should be 
the main purpose and method, and that this habit of mind, more or less 
present in all normal children and readily strengthened by constant exer- 
cise, should continue throughout life. Increase of the capacity for research 
(for this is research) by its constant exercise would be the commanding 
purpose of all education. The possession of knowledge would be secon- 
dary, largely incidental. Enlargement by contact with the beautiful and 
ennobling, and their contagion would be coérdinate with training through 
research; the two, the research and the contacts, being the chief molding 
influence in desirable education. The only thing which causes wholesome 
growth is loyalty to a vision of the beautiful, defining beauty broadly to 
include all truth, beauty being harmony with truth. Research is one’s 
sensitiveness to truth and one’s capacity for seeking and testing truth. 


Where better than in chemistry could one start the student on a career 
of independent research? Rather than giving a blanket prescription in the 
laboratory, let us allow the superior student to investigate the things that 
intrigue his fancy. As the science of chemistry unfolds before a boy of 
superior mental ability, it can be a fixed or a growing science as we plan 
his work. It means less to many a lad in qualitative analysis to analyze 
ten silicate ‘‘unknowns’’ purchased by the institution from a laboratory in 
Detroit than to test one rock that he brought back from a ramble in the 
hills. Moreover, why tell a boy that his rock sample is probably a hy- 
drated ferrous silicate when he can readily find out for himself? But is this 
research? Perhaps not to the teacher, but it is real research to the boy! 
And it is a real teaching tool! 

The able boy in your qualitative class comes to you with a question as to 
the best ‘‘test’’ to use. What will you tell him? Why not send him to 
the library to read several reference books, find out the most usual tests, 
and try each of them! But you say that is not original research! What 
of it; it ismew to the boy. Are we sources of information or are we teach- 
ers? 
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One should be careful lest the student gain the idea that he is a finished 
analyst or an entirely competent “researcher.’”’ However, even such 
ideas—ideas that will soon vanish—are preferable to a situation that dead. 
ens initiative and represses originality. The writer deplores the condition 
that so often exists in laboratory classes in qualitative analysis where 
progress is measured in terms of ‘‘ten liquid unknowns, five water-soluble 
solid unknowns, and two acid-soluble unknowns.” He regrets the many 
laboratory classes in general chemistry where the emphasis is on “one 
hundred different experiments.’ Such quantitative standards can mean 
little as regards the mental growth of the individual. How much better 
it would be to introduce the ablest of these young people to the tremendous 
sport of original work and thought; to start them, if you please, upon 
research. 

This is not a new idea; in fact, it is a very old one. The leaders of 
chemical thought of a generation ago were all taught that way. We 
have, in many cases, allowed the hordes of “‘non-major”’ students to take 
our attention away from the best interests of the major student and the 
student of superior mental ability. 

The late Dr. E. E. Slosson (2), writing of his own underclass days at The 
University of Kansas, says: 


I do not know that my ten-minute talk on Faraday did anybody else 


any good, but I got two things out of it that are of use to me today. I got 
an interest in the history and personalities of science, and I learned that to 
get the best material for an article one should go to the source. 

Professor Bailey was always expecting his students to do things that they 
did not think they could do. He would get them by degrees to wade in 
deeper than they thought and before they knew it they were swimming. 
One day he called me into his office and laboratory (which were the same) 
and showed me some queer stones on the table. 

“This is a new find of meteorites from Kiowa County. If you will help 
me analyze them we will get out a joint paper on them for the Kansas 
Academy of Sciences.”’ 

I was, of course, quite willing to oblige him in this way, but protested 
that I knew nothing about meteorites. 

“You will find a lot about meteorites in Si/liman’s Journal. Better run 
through the whole set.” Professor Bailey was a loyal Yale man. 

I did find a lot about them—also a lot of volumes. I was growing dis- 
couraged about getting through them when Professor Bailey appeared with 
another suggestion. 

‘Better make a card index of all the analyses while you are about it, so 
we will have them handy. I will pay you 25 cents an hour for it.”’ 

Now this was a curious coincidence, for board at our students’ club had 
jumped from $2.25 to $2.40 a week and I was wondering whether I would 
have enough money to last out the year. But, of course, Professor Bailey 
could not know anything about that, for I had never told him. 

About the same time, Professor Bailey set a lively youngster by the 


name of Case to analyzing the coals of Kansas. This started a line of in- 
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vestigation that developed into a comprehensive survey..of the ‘hatural” 
resources of the state—and it started E. C. Case on a career of research 
that has landed him in a chair of paleontology at the University of Michi- 


gan. 
Dr. F. C. Frary (3), Director of Research for the Aluminum Company of 
America, tells of his early student experiences: 


My introduction to the fascinating realm of research came when Dr. 
Frankforter took me down to his private laboratory, where we treated 
small portions of my pretty crystals with a variety of reagents, and finally 
found that with phenylhydrazine we could obtain beautiful crystals of 
what we fondly hoped was a new compound “which nobody ever saw 
before,” but which my later analyses proved to be an old one. If anyone 
thinks that it is absurd to give undergraduates, even beginners at times, a 
taste of the tantalizing joys of research, I can only say that the thrill of 
those first experiments remains with me still, and that the idea that the 
frontiers of knowledge were so near that I might hope to reach them myself 
was a powerful stimulus to my already deep interest in the science. It 
seems to require the personal touch of a great teacher, in most cases at 
least, to pass on to the student the fiery zeal of the true research spirit, and 
I have never known a teacher who could do this better than he. 


One might accumulate much evidence of this sort from the present and 
past leaders of chemical thought. It would all prove only the value of 
research for the underclassmen. This would not, ordinarily, be ‘“‘publish- 
able” but it would constitute the best possible stimulant to the superior 


student. 

I realize that many of my colleagues are now doing the thing that I 
propose. I wish only to urge the continuance and development of the 
idea. The gifted and interested underclassman has too often been over- 
looked in the flood of students now enrolled in elementary courses in 
chemistry. If we can catch these students early we can help them to be- 
come ‘‘self-starting’’ scholars. 

Let me quote again from Dr. Metcalf (1) concerning another aspect 
that of the teachers needed in such a program: 


But when we begin leading freshmen by research methods we must have 
college teachers full of the research spirit. This seems to me the real 
strategical—(pardon the hackneyed word; it is exactly the word I wish to 
use)—this is the real strategical point at which to begin the revivifying 
revolution, with the college teacher. Encourage him in his individual re- 
search interest and enthusiasm and encourage him to bring his pupils into 
the research game by using with them methods of teaching founded upon 
the research ideal. The thing once started will be contagious from teacher 
to pupil, from teacher to teacher, and from college to college. Put in the 
yeast and let it work until finally the whole lumpish system from the 
kindergarten through the college is leavened and made alive. The kinder- 
garten and the university, as they are, are less open to criticism from the 
standpoint of need of the research habit of mind, but neither of these, the 
foundation and the summit of our educational system, is beyond strength- 
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ening in this direction. Think of the satisfaction in university work when 
the students enter well established in the research habit. 


The important purpose of such undergraduate research is the effect on 
the student. It is “far less the value of the output by the student than 
it is the value of the input into the student.” 
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New explosive made from natural gas. A powerful new explosive made from 
wet natural gas has been developed at Los Angeles by Robert G. Wulff, local industrial 
chemist. The new product consists of a mixture of sodium chlorate with liquid butane, 
two ingredients of very low cost. It is claimed that the explosive is intermediate in 
shattering proclivities between dynamite and the slower-acting black powder. 

Butane is a simple compound of carbon and hydrogen. It is an extremely volatile 
liquid, cheaply extracted from wet natural gas by compression over oil. Boiling at the 
low figure of 33 degrees Fahrenheit, it can normally be preserved only in tanks under a 
slight pressure. 

Mr. Wulff prepares a simple cartridge of crystalline sodium chlorate which he soaks 
thoroughly in butane. He then has a few minutes’ time before the butane would escape, 
during which he can detonate the charge with standard electrical apparatus. The 
sodium chlorate, containing a very high percentage of active oxygen, burns the butane 
with explosive violence. If there be an hour or more delay before the cap be fired, the 
chlorate charge becomes harmless, since the butane has all boiled away spontaneously. 

Mixtures of chlorate with combustible matter have often been tried as industrial 
explosives, and have served to amuse incautious high-school chemistry pupils. Un- 
fortunately, they have proved treacherous, due to the instability of the chlorates and 
consequent danger of premature explosion. When butane is used as the ‘combustible, 
a partial evaporation of the added liquid instantly chills the chlorate cartridge to a 
temperature below freezing. At such low temperature the material is stable, and hangs 
together safely until the attendant chooses to press the button. 

The new explosive appeals strongly to the blasting operative who cccasionally 
notes that one of his blasting charges did not go off according to program. If dynamite 
is used in such a case the workman confronts the danger of bumping into the unexploded 
charge as he returns to work. With butane-chlorate he need only stay away for an hour, 
or better over night, and the danger literally evaporates. The residual chlorate is en- 
tirely harmless. 

Since the butane and chlorate are stored in separate containers, the transportation 
hazard is eliminated. Neither chemical alone will explode on any pretext. 

The product is suggestive of the mixture of liquid oxygen and charcoal offered some 
years ago as a safety explosive. The charcoal formula involves an expensive liquid 
ingredient, however. It further carries the disadvantage of generating carbon monoxide 
if the liquid evaporates unduly before the detonation. It did, however, have the quality 
of becoming safe after evaporation of one component.—Science Service 
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RESEARCH IN THE UNDERGRADUATE CURRICULUM OF THE 
COURSE IN CHEMISTRY* 


G. B. L. SmirH, THE POLYTECHNIC INSTITUTE OF BROOKLYN, BROOKLYN, NEw YORK 


Research by undergraduate students in chemistry is adapting the university 
system of instruction to the college. This 1s in keeping with trends in modern 
higher education, 1s valuable to the student, the teacher, and the institution, and 
is practical. In general, the attitude of the director toward the undergraduate 
student should be the same as toward the graduate student and the student 
should carry out a very real piece of research under the careful and sympathetic 
direction of the professor. The professor in charge of undergraduate research 
should be a scientist with his own field of research and he should confine his 
problems to this field in order to accomplish something definite for science. The 
aim of research by undergraduates is to give the student a knowledge of the 
meaning of the term research, and inculcate in him the true ‘‘scientific spirit.” 


Industry is demanding more than ever chemists of the research type. 
This is shown by the fact that large numbers of men with doctorate train- 
ing in chemistry are absorbed by the industries each year and men with 
graduate training can find employment more readily than men who have 
not had this experience. One of the important functions, if not indeed the 
only function, of a college or professional course in chemistry, is to train 
persons for leadership in the profession. It is not sufficient that these 
persons should be trained only in the technic of chemistry and have a fairly 
wide knowledge of the facts and theories of the subject, but they should 
have in addition to these qualifications the ability to think independently 
and to use their knowledge and technic in a constructive way. The taking 
of courses and passing of examinations even with high distinction should 
not be sufficient for a man to qualify for the title of ‘‘chemist.”’ 

Institutions of higher learning are continually undergoing changes in 
policy and method. Professional schools of chemistry, and we may include 
in this discussion departments of chemistry of liberal arts colleges, since 
many of their graduates go either directly into the industries or into the 
industries after further study in the universities, in considering policies or 
changes in policy must be guided to a certain extent by the requirements 
and needs of their clients. These clients are in the main the industries 
which employ their graduates. Industry, however, is interested only in the 
finished product and is not particularly interested in the method by which 
that product, the graduate chemist, has been trained but a primary interest 
of the ‘‘educator-chemist”’ is in the method. 

In the past, two very different types or systems of instruction have 
characterized teaching in our schools of college rank. The system of assign- 

* Presented before the Division of Chemical Education of the A. C. S. at the Buffalo 
meeting, August 31-September 4, 1931. 
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ments and recitations common in secondary schools has been used exten- 
sively in American colleges. This is probably necessary in part during the 
first two years but the tendency has gone farther so that the high-school 
method and attitude is carried to the work for advanced degrees. A certain 
number of courses (credits) are required for the master’s and doctor’s de- 
grees. The other system is common in the foreign (particularly the German) 
universities and has been transplanted here by our college professors, many 
of whom have received their advanced training in these institutions. So 
far as chemistry is concerned, there are three methods which characterize 
the German system; formal lectures, laboratory practice, and original in- 
vestigation. 

A very determined effort is being made by our colleges today to replace 
the traditional German university lecture method with individual or 
personal instruction, but in a field such as chemistry where the imparting of 
a considerable body of information is essential, the lecture method of 
instruction has so many obvious advantages that doubtless it will never 
be completely replaced. It must be remembered in this connection that 
individual instruction in the laboratory has had an important place in the 
training of the chemist since the days of Justus von Liebig. 

One of the most encouraging and important trends in higher education 
today is that of bringing the true university system of instruction into the 
college and professional school. We can cite a great many instances of this, 
but a few will answer our purpose here: The Johns Hopkins University is 
admitting students to university work at the end of their second year of 
college; the senior college is sharply defined from the junior college in a 
number of state universities; President Hutchins has eliminated the four- 
year residence requirement for the bachelor’s degree at the University of 
Chicago; “reading for honors’’ is encouraged in many colleges, and, in a 
few, only ‘‘honors’’ students are allowed to remain beyond the second year. 
The Wisconsin Experimental College, college and engineering codperative 
courses, and orientation courses for freshmen probably belong in this 
picture. 

Formerly many colleges required a thesis to be submitted as part of the 
requirement for graduation. Some still retain this requirement and others 
have included in their curricula of chemistry a course in ‘‘senior research.” 
Some college departments of chemistry make research part of the work of 
“honors” students. It is evident that this is one way of bringing an 
important phase of the university system of instruction into the college. 
The direction of “undergraduate research” is therefore an important and 
timely topic for discussion among ‘“‘educator-chemists.”’ 

There is indeed a great deal of ‘‘so-called research’’ being done by under- 
graduates in our colleges, and it is the opinion of the author of this paper 
that much of this “undergraduate research’’ is carried on in a manner which 
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is not most advantageous to the school, to the professor directing the re- 
search, or lastly and by far most important to the student himself. 

Many eminent educators consider that the undergraduate thesis is the 
most effective medium through which to administer undergraduate research 
and the author believes this to be true in the field of chemistry. The thesis 
in any undergraduate curriculum offers the student the opportunity of 
bringing together and focusing all the things which he has learned and all 
the experience which he has gained in the solution of a definite problem. 
From this work he will develop experience in technic and resourcefulness 
which is difficult to acquire in any other manner. The student may desire 
to continue studies in the university and the thesis is the best possible 
preparation for this advanced work.* 

The purpose of undergraduate research is often expressed as follows: 
to train the student in “methods of research.”” What are methods of re- 
search? Are there indeed any methods which are distinct and characteristic 
of research? ‘The real purpose of ‘‘undergraduate research” or of ‘‘graduate 
research’’ is to give the student an appreciation and knowledge of what 
the scientist means by that much-abused term ‘‘research.’’ We may truly 
learn only through personal experience and, granting this axiom, the only 
way for a student to learn what research is, is to do a piece of research 
himself. 

Two very different methods of conducting undergraduate research are 
quite common. In the first, the undergraduate student is used as a mere 
assistant or technician in the research laboratory. He may be assigned 
various ‘‘pot-boiling’’ tasks which are not important enough for the older 
and more experienced men to do, or he may be required to prepare ma- 
terials which the older men desire to use in their own research. In the 
second, the poor undergraduate is assigned to a very difficult problem, or to 
a very indefinite problem where there is little probability of his succeeding. 
This problem is not assigned to a candidate for an advanced degree because 
of the relatively slight chance of getting results which would be acceptable 
for the thesis for the doctor’s or even the master’s degree. You see the 
beginner is asked to investigate a problem which is considered to be beyond 
the abilities of more advanced and experienced workers. He is used to find 
“leads.” The best that he can hope for if successful is to see his problem 
taken over by an older man who will work out the details and ultimately get 
all the credit. 

Neither of these methods is of much value in teaching the student 
the meaning of research. The first is not research at all, even though 
the work may be of value to the laboratory and valuable experience for the 


* This paragraph was included at the suggestion of Professor Harry Parker Ham- 
mond, director of the S. P. E. E. summer school for engineering teachers, and head of 
the department of civil engineering at the Polytechnic Institute of Brooklyn. 
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student, but it is valuable experience in the same sense that all his labora- 
tory courses have been valuable. The second is a most pernicious one 
because the student is asked to do the almost impossible and is apt to lose 
all interest in research and most of his confidence in his own ability. 

The professor in charge of the undergraduates’ research should have in 
his own mind a clear conception of what research is. Undergraduates 
who are starting research for the first time should be placed under professors 
who are strong research men and whenever possible men who are just 
beginning to direct the research of others should start with graduate and 
not undergraduate students. 

Research may be defined in its broadest sense as adding to the sum-total of 
knowledge. ‘‘Research is finding out something, adding something to the 
known,”’ says Professor E. E. Reid. ‘True research must be intentional,” 
declared the late Doctor William H. Nichols. There must indeed be a well- 
organized plan for research and it should be remembered that the re- 
discovery of a fact already known and recorded is not research even though 
the student did not himself have previous knowledge of the fact. The 
research workers, student and director, should always have these ideas in 
mind. They should also remember that work recorded in notebooks or 
files only is not completed research. Completed research is only that work 
which is recorded where it becomes available to all workers in that field of 
knowledge (7. e., published). 

Therefore, if the student is to learn the meaning of the term research 
from personal experience gained in his undergraduate work, it follows that 
this undergraduate research must be true research in the strictest sense. It 
may and should meet the qualification given above but the director of 
undergraduate research must have a correct and sympathetic attitude to- 
ward his undergraduate research students. He should look upon these 
students as fellow-workers, as men who have imagination and intellectual 
personality and he should use all means possible to make them know that he 
looks upon his relationship with them as one of mutual aid. It is indeed 
seldom necessary for the undergraduate to be merely another pair of hands 
for the director but quite on the contrary the director should welcome and 
encourage the student to make suggestions and to criticize any suggestions 
which the director may make. In short the student should be in fact a co- 
worker, not merely manually but intellectually as well. 

We come now to a consideration of the problem for the undergraduate’s 
research. I do not mean to imply by anything which has been said that the 
student should be thrust into the laboratory and library and told to go 
ahead and do some research. On the contrary he should be assigned a very 
definite problem after having been given a reasonable amount of latitude in 
the matter of selecting a suitable topic. It is my firm conviction that the 
student himself should choose the professor under whom and the field in 
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which he is to work, but of course this at times may cause rather serious 
difficulties in administration. It is seldom if ever advisable for the student 
to suggest his own problem for he does not have a proper sense of his own 
capabilities and the difficulties of problems to suggest wisely. Then, too, it is 
essential that the director shall be familiar with the general field of the 
problem and particularly interested in it. The problem should therefore be 
chosen from a number suggested by the director from the general field of his 
interest. When the problem is once assigned the student should feel that 
it is his own in a peculiar way and that he has assumed responsibilities 
when he elects to work on the problem. The director should make the 
student feel when he is starting to do research that he is being admitted toa 
great fraternity of scientific workers, and what he does will have a definite 
relationship to work accomplished and work projected. 

It follows logically from the above that the director of undergraduate 
research should be a scientist who has his own special field of research. 
The work of the several students under a single director should be closely 
correlated and the student should be made to feel that he is entering into a 
partnership not only with his professor but also with his fellow students. 
In this way there may be developed a companionship between professor and 
student and among students which will develop and foster the true “‘scientific 
spirit.” Students should be free to discuss their problems and findings at 
all times with their director and immediate fellow workers and also with 
any one else from whom they may obtain advice and help or who may pos- 
sibly be interested. 

As has been indicated, the director of undergraduate research must be 
intensely interested in the problems upon which his students are working, 
and he must be willing to give unstintedly of his time and energy to aid in 
their solution. He cannot be efficient if he has a number of students 
working on totally unrelated topics, and I do not think it is possible for him 
to confine his interest to too narrow a field, for after all ‘‘there is nothing so 
broad as a narrow specialty.”’ 

In regard to choice of subjects suitable for undergraduate research, it is 
difficult and probably futile to make any definite suggestions. The 


. teaching activities, previous experience, consulting practice (if any), and 


general interests of the professor largely will govern this choice of field for 
research. He cannot however hope to make any progress scientifically if 
he selects small and entirely suitable problems here and there. In the 
course of a few years he has accumulated merely a “‘hodgepodge’’ of isolated 
data, most of which are so incomplete as to be almost valueless. Professor 
Reid in his ‘‘Introduction to Organic Research”’ gives some general sugges- 
tion in regard to research topics and others may be found in various recent 
articles, but it is as difficult to tell another man what field he should choose 
for investigation as to tell him what person he should choose for a life 
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companion. This is entirely a personal matter. In truth the difficulty is 
not in finding problems that you would like to investigate. The real 
difficulty is to decide which you want most to investigate among all those 
which present themselves to you and then to keep at work intensively on 
these problems. 

When a field for research has been chosen, considerable care is necessary 
in blocking out problems whose solution will contribute to the knowledge of 
the field. All research workers know that they are invariably too ambitious 
in what they hope and expect to accomplish. As they are dealing with 
undergraduates here, they must be modest, but they always should be 
certain when they assign a problem that they do have definite and tangible 
aims, and that these have a place in their larger program. 

Most of the observations which the author has made apply to graduate 
research as well as to undergraduate research in chemistry. They are 
stated here, however, to bring out the fact that there is no essential differ- 
ence between the research of graduate and undergraduate students. These 
observations are based upon six years’ work in directing undergraduate 
research in one laboratory and almost entirely in one field of chemistry. 
The author also has had some opportunity to observe undergraduate 
research in two other institutions. 

The professor directing undergraduate research students should have the 
same attitude toward them as he does toward graduate students. Re- 
member that in having undergraduates do research we are bringing the 
university method into the college. The professor will be obliged to give 
more time and attention to his undergraduates just as he must give more 
attention to graduate students beginning research for the first time, and 
from the standpoint of the student this is essential. 

The scientific results produced by undergraduate students may be some- 
what limited, but they should not and need not be inconsequential. The 
college professor having only undergraduates to work with him should be 
able to carry forward a definite and constructive research program. He is 
most certainly ‘‘falling down on the job’ if from time to time work is not 
completed under his direction which is worthy of publication. 

Teachers who direct the research of undergraduates should take their 
students and their research problems seriously. The purpose in directing 
undergraduate research may be stated as follows: (1) to accomplish some- 
thing valuable from the scientific point of view, (2) to make an institution 
known because it contributes to a particular field of chemistry, and, most 
important, (3) to develop in the minds of undergraduate students the mean- 
ing of “research,” to give them a love and appreciation of science, and to 
cultivate in them the “‘scientific spirit.” 
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ON OZONE 


Ricuarp A. WorSTELL, W. M. WELCH MANUFACTURING Co., CHICAGO, ILLINOIS 


Historical background, preparation, physical and chemical properties, 
and uses of ozone are discussed at some length. This article is not an ex- 
haustive treatise by any means but 1s intended to cover the field in a general 
manner. The question of oxozone, Os, 1s also mentioned. 

It is the author’s opinion that far too little is mentioned in our chemistry 
courses about ozone. No doubt more emphasis should be placed on it, since it 
is such a powerful oxidizing agent, easy to prepare in the form of ozonized air, 
and takes part in such a large number of simple chemical reactions that can 
easily be carried out in any classroom to show its interesting behavior. 


Introduction 


Too often in our chemistry texts we have from one paragraph to a page 
only, setting forth the essential points to be learned about ozone, a most 
interesting substance. Would it not be better if a little more mention was 
made concerning its preparation, properties, and uses? Only about one 
text in ten attempts to show by means of a simple sketch how it can be 
prepared in the classroom, to say nothing of mentioning the many interest- 
ing chemical reactions that can be carried out with it. 

It isa very simple matter, as will be shown later in this article, to ozonize 
pure air and to study some of its physical and chemical properties. Why 
not devote one lecture a year to the preparation, properties, and uses of 
ozone? It would prove interesting and informative to say the least. At 
the present time I venture to say that there is not one school in a thousand 
that even attempts to prepare ozone in the classroom. It is with the 
thought that more stimulus should be given this subject that this article 
has been prepared, so that possibly in the future a greater interest will 
be manifested in the study of this important chemical substance. 


Historical 


The odor arising from freshly prepared ozone, especially as produced in 
nature, has been known for along time. Homer alludes, in his Odyssey and 
again in his Iliad, to the odor that is noticeably present after a thunder 
shower. The first real investigation that we learn anything about, how- 
ever, was the work of a Dutch chemist, Van Murem, who, in 1785, or about 
eleven years after the discovery of oxygen, demonstrated that electrified 
oxygen has a peculiar smell and tarnishes mercury. Later Cruikshank 
in 1801 noticed the same characteristic smell about the anode in the 
electrolysis of water. 

C. F. Schénbein in 1840 noticed these properties in air subjected to the 
silent electrical discharge, in oxygen generated by the electrolysis of water, 
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and in the slow aerial combustion of phosphorus. He gave to the new gas 
the name ozone, coming from the Greek, ofew, meaning “‘to smell.” He 
noticed that it was a distinct form of matter. To Schénbein, therefore, 
unquestionably goes the honor of having discovered ozone and having 
observed its properties. 

That the constitution of ozone is O; was demonstrated by T. Andrews 
and P. G. Tait in 1860, by J. L. Soret in 1866-67 and B. Brodie in 1872, by 
making use of the fact that certain essential oils (cinnamon and turpentine) 
absorb ozone without taking up any appreciable quantity of oxygen. The 
loss in volume through adsorption of ozone from ozonated oxygen was 
twice that observed in the original ozonization of the gas. It was therefore 
inferred from these experiments that 3 volumes of oxygen are condensed to 
produce 2 volumes of ozone. This conclusion was later confirmed by 
comparing the rates of diffusion of ozone and chlorine, when the density of 
ozone calculated on the basis of T. Graham’s law of gaseous diffusion was 
approximately 24 (H = 1), agreeing with a molecular formula of 48 (Os). 


Preparation 


Ozone can be prepared (1) by (a) chemical action, () electrolysis, 
(c) an electrostatic field, (d) ultra-violet rays, (e) radioactive elements, 
(f) the introduction of a heated spiral of platinum wire into liquid oxygen, 
(g) exposure of moist phosphorus to the air, (4) incandescent solids in air, 
(i) a jet of burning hydrogen, and (j) the evaporation of water. 

Ozone is formed by the action of barium peroxide on sulfuric acid 
(A. Houzeau, 1861), by sodium peroxide on sulfuric acid (C. Arnold and C. 
Mentzel, 1902), persulfuric acid and persulfates (A. von Baeyer and V. 
Villiger, 1901), and the action of sulfuric acid on other per salts, for example, 
perborates, percarbonates, permanganates, persulfites, etc. 

When prepared by electrolysis using sulfuric acid (sp. gr. 1.1) as the 
electrolyte, as high a concentration as 17.23% of ozone has been formed 
using very small cooled anodes. 

The simplest form of laboratory ozonizer makes use of the electrostatic 
field produced when a charge of high potential is allowed to pass through 
oxygen or air between two plates. One of the most efficient forms is that 
of Siemens (1857) which is now the most common in use and consists of two 
concentric glass tubes, the inner surface of the inner, and the outer surface 
of the outer, being covered with tin foil and both being connected in series 
with the terminals of an induction coil or an electrostatic machine. When 
dry oxygen is slowly passed through, from’3 to 8% of it is transformed into 
ozone although it is now estimated by some investigators that as high as 
19 to 20% may be formed by a more highly perfected ozonizer of a different 
form. If air is used, naturally a lesser amount is formed. The accompany- 
ing line drawing will serve to illustrate a typical laboratory design. It is 
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not necessary to purchase this piece for it can be made by any one in a 
short time, but the one pictured has been found by the author to be very 
satisfactory in obtaining many of the reactions mentioned later in this 
article. Air or oxygen that has been dried is made to enter at A and by 
means of a delivery tube at B the ozonized air or oxygen can be made to pass 
through the solution to be tested. Rubber tubing at B will not last very 
long but since it is comparatively cheap it can be cut off and replaced 
since it is decomposed almost immediately right at the junction only. 

Ozone is constantly produced in the upper regions of the atmosphere by 
the action of the ultra-violet light of the sun’s rays on ordinary oxygen. 
But ozone as such never lingers very long in the air, for it reacts with the 
water vapor always present to form hydrogen peroxide. 

When moist phosphorus is exposed to the air ozone is formed and this fact 
has been recognized in the bleaching of discolored engravings. A large 
cylindrical jar is used, on the bottom of which has been placed some yellow 
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A TypicaL LABORATORY DESIGN OF OZONIZER 


phosphorus in a small amount of water. The printed portion to be bleached 
is rolled up and inserted and the jar is closed until the bleaching action has 
gone on to completion. 

By allowing drops of water to fall into a vessel containing fluorine gas, 
blue ozonated oxygen is formed (H. Moissan—1891), together with hydro- 
fluoric acid. 

3F, + 3H,0 == 6HF + O; 


At 0°C. 21% of the oxygen replaced was in the form of ozone. The lower 
the temperature, the greater the yield. The action is very violent. 

By electrolysis of hydrofluoric acid L. Grafenberg obtained 5.2% ozone 
using a 40% acid solution. 

When ozone is prepared commercially by the silent discharge method, 
potentials of 5000 to 80,000 volts are used. 

It has been claimed by many that certain essential oils, such as cinnamon 
oil, and turpentine, on exposure to the atmosphere, form ozone, which 
slowly evaporates. This is not the case (2). C. Engler has shown that 
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it is not ozone which is produced by these organic substances but rather an 
ozonide, which 'can act as a powerful oxidizing agent. 


Physical Properties 


Ozone is described by many as having an odor like chlorine or sulfur 
dioxide or of moist phosphorus, and by some its odor is said to be like that 
of garlic. The odor can easily be detected even when present in the 
atmosphere in a dilution of 1 part in 1,000,000 and some even say 1 part in 
10,000,000. In any case it can be detected by the sense of smell long 
before starch-iodide paper turns blue, or any other chemical test would 
show a positive reaction. It has been said by many that man’s sense of 
smell relative to ozone rivals the keen scent of the lower animals. It has 
been conclusively demonstrated that ozone is present in the atmosphere 
and as many as 4000 observations by one man alone (A. Houzeau, 1867) 
have been made. Air on the average contains about 1 part in 700,000 
according to Houzeau but other investigators think this is much too high 
since most people cannot detect an odor of ozone under ordinary conditions. 
It is probably much less than 1 part in 1,000,000. Ozone is never found 
near large cities, or over densely vegetated regions or swamps. Air over 
the sea is usually much richer in ozone, although not always, than air over 
land. Ozone when breathed in small quantities is non-injurious and is 
considered beneficial by many, but when taken in larger quantities it has 
an irritating effect on the mucous lining of the throat and lungs. It is also 
non-respirable; that is, the human body is incapable of making use of the 
oxygen contained in ozone. 

The gas is colorless normally but in great thickness or under pressure the 
color is blue. When liquefied it is a dark indigo blue, almost black, and is 
opaque to light in layers two millimeters thick. The blueness of the skies 
has been attributed by many to the presence in the upper regions of the 
atmosphere of ozone, the concentration of which increases as we go up due to 
the action of the ultra-violet rays. This has been disputed by some 
investigators, however, who say that oxygen alone in large quantities 
would produce the same effect. 

Ozone is not considered very soluble in water, although at 12° water dis- 
solves half its volume of ozone, which represents a solubility considerably 
greater than that of oxygen in water. The solubility decreases with rise 
in temperature and increases with rise in pressure. Ozone is seven times as 
soluble in carbon tetrachloride as in water. Its solutions in this solvent 
and in acetic acid, acetic anhydride, chloroform, and ethyl acetate are blue 
and fairly stable. The color lasts fifteen to twenty hours with acetic acid 
and carbon tetrachloride but disappears more rapidly with the other 
solvents. Ozone is apparently dissolved by essential oils such as tur- 
pentine, cinnamon, thyme, etc. Its boiling point is variously given by 
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different investigators from — 106°C. (Olzschewshi) to — 119°C. (Troost). 
It can be condensed into a liquid at a temperature of —103°C. with a 
pressure of 125 atmospheres. In the liquid state ozone is very strongly 
magnetic, more so than is oxygen. The reported heats of formation 
run from 29 to 36 calories per gram. 


Chemical Properties 


Chemically, ozone is much more active than oxygen because of its 
greater energy content. A gram of coal burned in ozone liberates more 
heat than when burned in oxygen. When ozone spontaneously changes 
into oxygen about 650 calories of heat are liberated for each gram so changed, 
and when it acts as an oxidizing agent, the heat evolved is correspondingly 
greater than when the same oxidation is accomplished by means of oxygen. 

There are a large number of chemical actions that are of interest to high- 
school and college classes and many of the following reactions are represen- 
tative of a number that can be performed with the apparatus previously 
described in this article. Most of the following inorganic reactions have 
been successfully carried out by the author and can be relied upon as being 
practical demonstration experiments. 

One of the easiest and most sensitive reactions is the oxidation of the 
bromide or iodide of potassium by passing ozonized air through the solution, 
the equation being: 


2KI + H20 + O; —» 2KOH + QO» + Ib. 


The resulting solution is alkaline as may be demonstrated with litmus 
paper. In this case the color change is from colorless to yellow because 
of the liberation of free iodine. Because of the color changes in this 
reaction as in the many reactions that follow, students are willing to 
accept the idea that a chemical change has really been brought about and 
there is, besides, the added interest that such phenomena always produce. 
The above reaction is the basis for our most common test for ozone, namely, 
the starch paper test in which starch paper has first been treated with an 
iodide. 

Using MnCk in alkaline solution the reaction with ozone is: 

MnCl, + 2KOH + O; —> 2KCI + MnO(OH), + Oz, 

the hydrated manganese oxide turning a chocolate brown. 

Using CoC}, in alkaline solution with ozone the reaction is: 

2CoCl, + 4KOH + O; + H.O —> 4KCI + 2Co(OH); + Ox. 

In this case the colored product is black. 


If ozone is passed through a solution of cobalt sulfate a dark brown 
precipitate is noticed. Cobalt and nickel sulfides or hydroxides are im- 
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mediately oxidized to the peroxides, the sulfur of the sulfides forming 
sulfuric acid. 
Using NiClk, in alkaline solution the reaction with ozone is: 
2NiCl., + 4KOH + O; + H.O —» 4KCl + 2Ni(OH); + On, 


the black precipitate of nickel hydroxide being noticed. 
On hydrogen sulfide the action of ozone is: 


H.S + O; —> H20 + S + On, 


free sulfur being precipitated. 

Sulfur trioxide is readily formed when the dioxide is treated with ozone, 
the reaction being: 

3SO, + O; — > 3803. 

Ozone converts dark brown lead sulfide into white lead sulfate according 

to the reaction: 
PbS + 40; — >» PbSO, + 40:. 

Many other sulfides, such as copper, antimony, zinc, and cadmium, behave 
in a similar manner. 

Gold can be precipitated from chlorauric acid, HAuCl,, in an alkaline 
solution by the action of ozone, the reaction being: 


2HAuCl, + 8KOH + O; — > 8KCI + 5H20 + 30, + 2Au. 


The canary-yellow solution turns colorless, with gold precipitating in the 
form of a blue-black powder. This same action takes place with ordinary 
gold chloride, AuCl;. This has been suggested as a test for ozone by R. 
Bottger. 

Ozone oxidizes mercurous to mercuric salts. Similarly the thallous salts 
are oxidized to thallic salts. Feeble acid solutions of bismuth nitrate with 
ozone give no precipitate but alkaline solutions are colored yellow or 
brown. Stannous chloride can be oxidized to the stannic, according to 
Schénbein and Williamson, 

3SnCk, + 6HCl + 30; —> 3SnCl + 3H20 + 302. 


Ozone oxidizes ferrous salts to ferric in neutral and acid solutions. For 
example (2): 
2Fe(NH4)2(SO4)2 + O;—> Fe:0(SOx4)2 + 2(NH4)2SO4 + Or. 
Ferrocyanides are always oxidized to ferricyanides by ozone. The action 
of ozone on hydrogen peroxide is: 
H202 oP 6), > HO a 202. 


The reaction proceeds slowly but may be greatly hastened when manganous 
salts are used as catalysts. Ozone oxidizes chromic salts to chromates or 
dichromates but never carries the oxidation farther. 
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All of the metals that have been tried by the various investigators are 
quickly corroded by moist ozone excepting gold and platinum. In the case 
of silver the author has found that by first heating a silver coin very hot 
the darkening effect of the ozone upon it is much more pronounced, due no 
doubt to the catalytic effect of the oxide that was first started by the heat- 
ing. A dark brown to black oxide of silver forms. 


2Ag + 20; —_—> AgeO» + 202 


In the case of nickel a yellow film forms at a temperature of 300°C. but 
darkens to a golden yellow at 415°C. Ozone oxidizes mercury and iodine 
even when dry. For example, 


Hg + O; —~> HgO + Or. 


Ozone attacks many organic compounds even in the cold. Methane 
gives formaldehyde and formic acid. Ethylene reacts explosively giving 
carbon and water, 

3C,H, + 20; —>6H20 + 6C 
Alcohol is oxidized to formaldehyde and formic acid. Ether forms for- 
maldehyde, acetic acid, and ethyl peroxide which is explosive and imme- 
diately breaks up to form alcohol, hydrogen peroxide, and water (2). 
Nitroglycerin, dynamite, nitrogen chloride, and nitrogen iodide explode 
in an atmosphere rich in ozone. 

Benzene forms formic acid, oxalic acid, and other acids as well as white 
gelatinous explosive compounds called ozobenzene. The phenols are 
slowly attacked, aniline forms ozobenzene, etc. The vegetable colors are 
quickly bleached by ozone. Indigo, CisHioN2O2, which has a deep blue 
color, is a good example of a vegetable dye but it is also made synthetically. 
When ionized air is passed through a dilute solution of a soluble form of 
this dye (indigo-carmine), the indigo is oxidized to isatine, CsH;NO2, and 
the color disappears, the reaction being: 


CisHioN2O2 + 203 —_> 2CsH;NO, + 202 (+63,200 cal.). 


Ozone rapidly corrodes rubber and rubber compounds. The author has 
found in his work in using pure gum tubing */\.-inch in diameter that when 
a gentle breeze of air is forced through the generator which has been pre- 
viously described, perforations form: at the junction in from one to two 
minutes. An induction coil giving a one-inch spark when operated on a 
6-volt storage battery was used. The white hand-made cloth impression 
tubing lasted no better. 

Cork withstands dilute ozone for a short time but its use should be 
avoided. 

In 1906 Lodenburg and Lehmann (3) obtained spectroscopic evidence of 
a form of oxygen having a higher molecular weight than ozone. It was 
noticed that as liquid ozone became more concentrated the specific gravity 
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increased. This observation was later confirmed and the existence of 
oxozone, O,, so named by Harries, was placed beyond the shadow of a 
doubt by this investigator and his pupils in 1912. They showed con- 
clusively that unsaturated organic compounds, when acted upon by 
ordinary ozone, yield not only the corresponding ozonides but also a series 
of oxozonides. Moissan in preparing ozone by the action of hydroftuoric 
acid on water also suspected the presence of a form of oxygen having a 
higher molecular weight than ozone. When liquid ozone is partially 
vaporized the oxozone accumulates in the residual liquid. When butylene, 
C,4Hs, is treated with ozone we have formed not only the ozonide, C,H,0,, 
but also the oxozonide, CsHsO0,, according to Harries Pure oxozone, how- 
ever, has never been obtained, and its physical’ properties are therefore 
unknown. The question whether oxozone, Oy, exists or not has been 
answered affirmatively by some investigators and negatively (2) by others, 


Uses 


Without question the largest use of ozone at the present time is in water 
purification. That water can be completely sterilized by ozonized air has 
been conclusively shown by a number of scientific investigators and over 
one hundred highly efficient ozone purification plants have been installed 
and are successfully operated not only in Europe but America as well. 
St. Petersburg, now Leningrad, Russia (4), is said to have the largest plant of 
its kind in use. Its purification system is capable of treating 2000 cubic 
meters of water per hour. Paris, France, also has an ozone plant where over 
25,000,000 gallons of water are treated daily. In Philadelphia, Penna., a 
Vosmaer sterilizing tower 33 feet high and 3 ft. in diameter has proved itself 
capable of sterilizing over 50,000 gallons of water per hour, using an ozone 
concentration of 1 g. per cubic meter. The bacterial count in the unit 
volume measured is 2,500,000 bacteria before treatment and only 25 after- 
ward, showing the high efficiency of the plant. Ozone (5), in addition to 
eliminating practically all bacteria, will remove any foreign tastes or odors, 
such as that contributed where chlorine is used, and will also oxidize a high 
percentage of any organic matter which may be carried in the water. 
Competent authorities agree that the most practical means of ozone produc- 
tion for water purification works is from the action of an electric brush 
discharge, which occurs when a current is passing between two electrodes, 
through an air gap, and a solid dielectric. This form of apparatus is being 
used more extensively for water purification, for swimming pools, and in 
the manufacture of bottled beverages. 

In regard to ventilating systems it is best to state that ozone systems do 
not supplant them, but supplement them, by destroying bad odors and 
overcoming the feeling of closeness, whenever a number of people are in a 
confined space. 
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Ozone is a good deodorizer. In 1915 experiments were carried out to 
deodorize parts of the New York Zodlogical Garden. Fish oil has been 
successfully deodorized by ozone, as have renovated butter and rancid fats. 

Ozone is used in improving and strengthening yeast in the manufacture of 
beer. This increased action of the yeast is explained by the fact that the 
ozone kills many of the harmful parasites that inhibit the action of the yeast. 

It is used to oxidize alcohols to aldehydes and vinegar and also for 
rapidly aging liquors. 

Ozone has been used to increase the tensile strength of cotton textiles 
by an exposure at baking temperatures according to P. B. Cochran and H. 
J. Graham (6) of the Westinghouse Research Shop. A concentration of 
0.5% ozone will cause a 20% increase in tensile strength in half an hour at 
110°C. Acceleration may be obtained by increasing either the ozone 
concentration or the baking heat. A tensile strength increase of 25% was 
noted for cotton twine. 

Ozone is used as a bleaching agent for various organic substances. 
According to one process for the bleaching of textile fibers (7) ozonized 
air is produced with a percentage of 4.5 to 9 g. of ozone per cubic meter 
of air, which seems to be the most satisfactory concentration. The tex- 
tiles must first be pretreated in a digester under a pressure of three atmos- 
pheres for a period of seven hours in a bath containing 6% of caustic soda 
and 1% sulforicinate of sodium. After washing in the digester it has been 
found to be a great advantage to treat the articles with a solution of hydro- 
chloric acid (5 g. at 20 Bé. per liter) for fifteen or twenty minutes at 40°C. 
This produces a complete elimination of all stains. If oxalic acid is used, 
still better results are obtained. After again being washed they are subjected 
to centrifugal action so as to reduce their moisture content to the maxi- 

mum allowable, which usually runs between 20 and 25% of the weight of 
the fibers. They are then introduced into the ozonization chamber. The 
time they may remain in contact with the ozonized air varies from '/2 hour 
to 1'/, hours according to the concentration of the ozone. After the treat- 
ment with ozone the fabric emerges perfectly bleached and with a whiteness 
better than that achieved by chlorine treatment. Moreover, it is only 
necessary to dry in the open air. Hence the cost of drying is considerably 
reduced. In practice, however, in order to obtain a better bleaching and a 
more pleasant touch the textiles are again washed in a soap bath of 1 g. 
per liter, which is much less than is necessary in case chlorine is used as the 
bleach, at a temperature of 50-60°C. A perfectly uniform bleaching is 
obtained. Moreover, the textile fibers lose none of their mechanical 
resistance, as has been proved by tests made with the dynamometer. 
Ozone is used extensively as a bleaching agent on paper pulp; also on 
blood, litmus, starch, oils, and for oxidizing oils in the manufacture of 
linoleum. 
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There are sometimes undesirable effects incidental to the use of ozone asa 
bleaching agent. For example, it cannot be used to bleach flour since the 
taste is affected. Nor can it be used to bleach dextrin and glue because 
their adhesive properties are impaired. 
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New process of photography by ultra-violet light. Photographic plates sensitive 
to ultra-violet light will shortly be made commercially by a new process, Dr. C. E. K. 
Mees of the Eastman Kodak Company has reported to the Optical Society of America. 

“‘Schumann”’ plates used for this purpose until now were difficult to make and had 
to be prepared by hand. They had a coating either entirely free from gelatin or con- 
taining only a small trace of gelatin to bind the silver bromide together. 

In order to avoid the use of Schumann plates, two Frenchmen, Duclaux and Jeantet, 
suggested the treatment of ordinary plates with a fluorescent substance which glows 
when exposed to ultra-violet light, and they employed petroleum oils to paint it on the 
plates. Satisfactory results have been obtained by many workers with petroleum, but 
it is difficult to apply the oil uniformly and to remove it before development. 

R. E. Burroughs of the staff of the Kodak Research Laboratories tested a large 
number of organic substances and found the most suitable to be ethyl dihydrocollidine 
dicarboxylate, which fluoresces strongly in the ultra-violet. This substance can be 
applied in organic solvents, from which it crystallizes in microscopic crystals over 
the surface of the plate, these crystals being easily removed before or during develop- 
ment of the plate.— Science Service 
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ATOMIC AND MOLECULAR STRUCTURE MODELS AS A VISUAL 
AID IN THE TEACHING OF CHEMISTRY* 


A. L. PoULEUR, WHEATON COLLEGE, NoRTON, MASSACHUSETTS 


Chemistry students can be assisted in orienting themselves into the chemical 
point of view by suggestive models which aid visualization of chemical structure 
and the electron theory. Types of models suggested after tested classroom use in 
secondary schools and colleges are: 

1. Frame models to show atomic structure with attachable electrons. 

2. Models representing outer shell of any atom with transferable electrons 
to show compound formation with electron transfer. 

3. Elemental models without electrons to show valence exchange, molecular 
and compound formation, and weight proportion in inorganic 
chemistry. 

4. Flexible models of van’t Hoff tetrahedronal carbon in benzene forms of 
Baeyer, Armstrong, Vaubel, and Sachse. 


Most recent writers of textbooks for chemistry make use of the electron 
theory in explaining atomic and molecular structure and the process of 
chemical union. Secondary schools as well as colleges are faced with the 
problem of assisting the student to grasp this concept effectively. The 
beginning student finds difficulty in orienting himself into the modern 
points of view. Visual aids in teaching can facilitate the overcoming of 
this situation and also furnish the student valuable tools for increased 
familiarity with the applications of the theory to chemical phenomena. 
Chemical education should not consist merely of a trained memory but 
should become an actual part of the student’s world, in which and with 
which he can discover and learn for himself. 

The use of models as an aid in visualizing chemical change and structure is 
not new but the types of models in use are decidedly limited in availability 
and utility. Many instructors have constructed models with more or less 
success but due to differences in interpretation of theory these models 
show wide variation. In my classes I have developed a system of models 
which possess flexibility and are adaptable to the various phenomena of 
chemical union. The response of the students and the increased facility 
with which they grasp the general principles gives evidence of the value of 
this type of teaching technic. 

The structure of the atom is still problematical and the physicist and 
chemist have yet to meet in agreement upon a common concept. The 
dynamic Bohr atom offers a logical and reasonable explanation of many 
physical phenomena, particularly the production of light of definite wave- 
length and the transfer of energy from one substance to another. When 


* Presented before the Division of Chemical Education of the A. C. S. at the Buffalo 
meeting, August 31-September 4, 1931. 
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PLATE 1 


the chemist tries to apply this theory he is faced with the difficulty of mak- 
ing the free moving electrons compatible with valence, stable combination, 
and isomerism. The chemist, usually less interested in questions of energy, 
prefers to assume a static atom in which the electrons are held in fixed 
positions or at least that their relative positions do not change. G. N. 
Lewis and Irving Langmuir have developed this static atom for our use and 
the phenomena of valence, stable combination, and isomerism are readily 
explained. 

The student, faced with both these views, must use both as far as they are 
helpful, keeping in mind the possibility that either may be abandoned as 
new information is derived from research of this character. The newer 
theories of Heisenberg, Schrédinger, and Dirac, with the concept of an 
electron cloud, have brought a mathematical atom which is yet to be 
evaluated fully. 

It seems logical that the beginning student should be given the electron 
theory of atomic structure early in the course and the use of models to aid 
the visualization of atomic structure will assist the teaching. From the 
study of atomic numbers and the periodic table we can determine the excess 
electrons which are outside the nucleus and after the hydrogen-helium 
period there is a tendency to group in octets which can be suggested by the 
corners of a cube. We use a 6-inch cubical wire frame painted white with 
sleeves at each corner into which electrons, in the form of small wooden balls 
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PLATE 2 


on rods, can be inserted. (Plate 1.) The helium nucleus with its two 
excess electrons is mounted in the center of the frame and forms the first 
shell of every atom. Additional electrons are inserted into the corners 
of the frame until the total number of electrons agrees with the atomic 
number of the element being considered. 

In teaching with these models emphasis is placed upon the electrons and 
the frame merely represents the field of outside force which causes the 
electrons to pattern themselves about the nucleus. This spacial concept 
is a difficult one for beginning students and the cubical form is useful in 
developing the space idea visually. The helium nucleus is a black wooden 
ball made purposely large so that the number of protons and nuclear 
electrons present may be written upon it, or in the simpler elements it is a 
cork ball into which pluses and minuses in thumbtack form may be placed 
to represent the nuclear charge. The true size concept of the nucleus must 
be left to the imagination. (See He in Plate 1.) 

Following this configuration, lithium has one electron in a corner of the 
frame or shell. Beryllium has two, boron three, and so on until we reach 
neon with a closed shell of eight electrons (Plates 1 and 2). The com- 
pleted shell suggests the inert character and stability of the element as 
well as the zero valence because of no opportunity for further electron 
addition. With sodium (Plate 2) a second group of electrons is attached 
by extension rods to the first group of eight. Thus sodium adds one 
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electron, magnesium two, aluminum three and so on, until argon with eight, 
completes the second shell of eight electrons (Plate 3), and again the - 
inert and zero valence characteristics of argon are evident. Similarities 
are also noted between other elements such as carbon and silicon, and 
fluorine and chlorine in structure and in properties. In this manner we 
have built an atom of three shells, the hydrogen-helium nucleus, the second 
shell to neon, the third shell to argon. When we attempt the fourth shell, 
we can add an electron for potassium (Plates 3 and 4) and another for 
calcium, but then our configuration must change for the increasing weight 
of the atom is going to cause a building up of the third shell to eighteen 
electrons before we can proceed with the fourth. The student should now 
be able to complete this shell visually with the more complex atoms. We 
are, however, working on models to carry this idea through for future use. 

With this demonstration of atomic structure the student is then shown 
atomic combinations to form molecules (Piate 5) and then to form 
compounds. The tendency of compounds to form completed octets and 
the principles cf valence electrons in combination is made clear by the 
building of compounds as shown in the illustrations (Plates 6 and 8). 

After the student has acquired familiarity with the atomic structure from 
the frame model we can pass to a more simplified model which will show 
the transfer of electrons in the formation of compounds. The wire frame 
now gives way to a wooden ball 1°/;” in diameter (Plate 1). There are 
eight sleeves in this ball to represent the eight positions of electrons in any 
shell. The student has learned from the previous models to visualize the 
rest of the structure. This ball then represents the outer shell of any atom. 
For recognition, the electrons, which are small wooden beads on rods, are 
significantly colored to suggest the various atoms; 7. e., red symbolizes 
oxygen (fire); white, hydrogen (lightest); black, carbon (coal); blue, 
nitrogen (4/; sky); yellow, sulfur; green, chlorine; aluminum color, 
aluminum; copper color, copper; etc. The balls are all white, so that 
attention will be directed to the electrons, not the shells which the balls 
represent. By placing the proper number of electrons in any ball we can 
represent any atom which we choose, as the outer shell never has more than 
eight electrons. Molecules and compounds can now be constructed with 
coiled springs linking the electrons of atoms together where electrons are 
shared. (See under frames in Plates 6 and 7.) In this manner the 
transfer of electrons is distinctly shown as the colors identify themselves. 
The similarity of CH, and the NH, ion in structure clearly shows a difference 
in electron position by this method. 

The secondary-school teacher may not feel required to teach the electron 
theory at the present time but the advance of chemistry gives every 
evidence of the future necessity to include it as a practical theory. Whether 
or not the theory is now taught, models will assist in teaching molecular 
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formation, valence combination and exchange, and weight proportions, as 
associated in molecular structure. The inorganic student will be greatly 
aided by any visual method that illustrates valence and balance of equa- 
tions. The atomic model can be used in a simplified form which consists 
of a wooden ball with inserted sleeves to represent the maximum valence of 
the atom. Rigid rods and coiled springs to show strained bonds are pre- 
pared to fit these sleeves so that molecular structure can be represented and 
valence combination illustrated. The balls are significantly colored to 
suggest the various elements, as in the previous models—red symbolizes 
oxygen; white, hydrogen, etc. The approximate atomic weights are 
affixed to the units by plainly visible numerals. The student is thus 
familiarized with atomic weights and the association of atomic weights 
with the individual element is a valuable relationship which is often 
difficult for the elementary student to retain. The value becomes more 
evident in the ability of the student to visualize at once weight proportions 
in a compound. (See H2SO, and H;0O in Plate 6.) 

Valence becomes a more natural phenomenon by the use of models. The 
student actually sees the opportunity for combination. Inactive valence 
bonds are bridged by soft lead wires and in this manner variable valence 
is represented. Thus the formation of several oxides of nitrogen, carbon, 
and phosphorus becomes visually clear. The balancing of equations now 
follows in natural succession and atomic combination is more clear than by 
mere description. By allowing the student to build compounds and 
balance equations with models a strong association of theory and practice 
is formed and the educational value of this project method is a distinct 
achievement for the elementary pupil. 

The structural formulas of organic chemistry are difficult to represent in 
three dimensions on a blackboard, and the space relationship of these 
structures are difficult to visualize without assistance. The stereoscopic 
photographs such as are made by Adam Hilger of Bragg’s crystal models 
are useful but they can be seen by only one student at a time. Such 
pictures can be made by photographic models with a duplicating camera 
or by making two exposures at different angles. When mounted and used 
in the familiar stereoscope a good three-dimensional effect can be produced. 
(Plates 9-13.) This procedure is useful but the actual models are to be 
preferred for the student can construct formulas himself and thus see at 
first hand the space arrangement. 

The carbon atom may be represented by a black ball 15/,” in diameter 
with four equispacial sleeves indicating the tetravalency. The angles 
between any two of these sleeves should be 109°28’, which will produce a 
true tetrahedronal atom typical of carbon, according to van’t Hoff and 
Kekulé. When rods are inserted in these atoms and compounds formed the 
student can clearly see the tetrahedral form. 
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PLATE 20 


The carbon atoms combined with the white hydrogen atoms previously 
referred to will demonstrate any of the hydrocarbons, as typified by the 
methane series (Plate 7); or the unsaturated hydrocarbons, such as 
ethylene and acetylene (Plate 14). The red oxygen atom added to the 
hydrocarbons represent the alcohols. Methyl, ethyl, propyl, isopropyl, 
tertiary butyl, 2-pentanol, and stereoisomeric pentanol with asymmetric 
carbon are typical examples (Plate 15). It may be convenient when 
taking up nomenclature of isomers to use a carbon atom with the sleeves all 
in one plane. Further structures of alcohols can be made according to the 
needs of the instructor. 

A typical aldehyde, ketone, ketene, ether, ester, cyanide, and iso-cyanide 
can be easily constructed. In the case of the cyanides, the possible double 
valency of carbon is evident. (Plate 16.) Any of the exemplary 
organic acids, saturated and unsaturated as well as dibasic (Plate 18), can 
be modeled and compared with the preceding compounds. Stereoisomer- 
ism can be readily demonstrated. Such forms of tartaric and lactic acids 
are shown (Plates 17 and 18) and also d. /., meso and racemic, and maleic 
and fumaric acids, cis and trans forms of geometrical isomers. 

The polymethylenes or cyclo forms of propane, butane, and pentane 
show up well in demonstration (Plate 19); also cis and trans cyclo- 
propane dicarboxylic acids and cis and trans hexahydro-p-phthallic acids. 

These models can be used in the formation of non-planar rings according 
to the developments of stereochemistry associated with Hiickel and Ruzicka. 
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PLATE 21 


(Plate 14.) If the rods used in forming these rings are made sucha 
length that the distance between centers of the carbon atoms is 15 cm. they 
serve as a suggestive multiple of the 1.5 Angstrom units. 

With one ring structure of carbon atoms in hexagonal planar form 
(Plate 20) the instructor can, by adding springs and lead wires, demon- 
strate the traditional benzene ring forms of Claus, Ladenburg, Armstrong, 
Thiele, Kekulé, and modern conceptions as well. Benzene space molecular 
models to show the principles of Baeyer, Vaubel, Sachse, and Kekulé can be 
made by using small tetrahedra cut from sheet tin to represent the various 
space conditions. (Plate 21.) The tetrahedra are arranged around the 
frames according to the particular theory under consideration. 

The resourceful instructor will find many other opportunities for the use 
of models in teaching. If their use stimulates the learning process and 
simplifies the task of teaching, they are valuable to the teacher. If their 
use clarifies the theory and promotes mental skill in the subject, they are 
valuable to the student. Experience indicates that this is one valuable 
visual aid in teaching. 


Chinese to make acids. China has awakened to the fact that she is largely depen- 
dent upon foreign countries for sulfuric and nitric acids and sulfate of chloride. Since 
these three commodities are essential for the operation of arsenals, besides being im- 
portant in the industrial life of the nation, China has suddenly realized that she would be 
helpless if Japan and the other powers were to stop shipments. 

At the suggestion of the government, a group of Chinese capitalists in Shanghai 
has organized the Kaicheng Acid Mfg. Works and has begun the building of a plant 
which, in its initial stages, will have an output of 18 tons of sulfuric acid a day. If the 
enterprise thrives, the manufacture of nitric acid and sulfate of chloride will be engaged 
in.— New York Times via Ind. Eng. Chem., News Ed., 9, 316 (Oct. 20, 1931). 
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OF METALS 


A DEMONSTRATION EXPERIMENT ON THE DIFFUSION 


EvuGcENE W. BLANK, 241 N. 9TH STREET, ALLENTOWN, PENNSYLVANIA 


This experiment, due to Joseph Henry (Director, Smithsonian Institution, 


1847-78) (1), (2), is best described in his words. 


A lead tube of about half an inch in diameter and eight inches 
long happened to be left with one end immersed in a cup of mercury, 


and on inspection a few days afterwards it 
was observed that the mercury had disap- 
peared from the cup, and was found on the 
floor at the other end of the tube. Struck 
with the phenomenon, I again filled the cup 
with mercury; the next morning the same 
effect was exhibited. The mercury had again 
passed over through the tube, apparently like 
water through a capillary siphon, and was 
again found on the floor. 

By cutting the tube in pieces it was deter- 
mined that the mercury had been transmitted 
through the walls of the tube and not through the 
hollow axis. 

The penetration takes place much more 
readily in the direction of the laminae of the 
metal than acrossthem. A plate of thick sheet 
lead was formed into a cup, and mercury 
poured into this; and it was found that before 
a drop had passed directly through, the mer- 
cury oozed out all around the edge of the plate. 
To perform the experiment take a lead rod 

about 6 inches long and a quarter of an inch in 
diameter and bend into the form of a siphon. 
Immerse the shorter leg in a small evaporating 
dish filled with mercury and place a similar dish 
under the end of the longer leg to receive the 
mercury which comes over. In five or six days all 
the mercury passes over leaving arborescent 
crystals of an amalgam of lead in the upper evapo- 
rating dish. The speed at which the mercury 
comes over is much influenced by the texture of 
the lead. 








ARRANGEMENT OF AP- 
PARATUS FOR SHOWING 
THE DIFFUSION OF MER- 
CURY THROUGH LEAD 


The mercury is con- 
tained in a cut-off test 
tube and its weight quick- 
ens the time of passage 
through the lead rod. 


The time required for the experiment can be greatly decreased by a 
modification of the above arrangement of apparatus. This modification 
is clearly shown in the accompanying figure and requires no comment. 


Literature Cited 
(1) Henry, Proceedings Am. Phil. Soc., 1, 82-3 (1839). 
(2) Henry, Silliman’s Am. J. Sci., 38, 180-1 (1839). 
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AN IMPROVED METHOD OF HALOGEN-ION SEPARATION ANp 
DETECTION BY MEANS OF CHLORAMINE-T 


EpwArp M, GErstENZANG, 1560 East Tutrty-SECOND STREET, BROOKLYn, 
New York 


Althcugh the basic principles of a previous paper (1) by the writer 
are retained, the improved method eliminates disagreeable factors such 
as the use of bromine solution, and materially hastens and defines the 
procedure. 

(1) A 10-cc. portion of the solution containing the fluoride-free alkalj 
halides is diluted to 20 cc. The solution must be neutral to litmus, If 
alkaline, acidify it with a little dilute acetic acid, and then add a slight 
excess of ammonium carbonate solution to neutralize the acid. Boil the 
resulting solution until it is neutral to litmus, then cool. 

(2) Detection of Iodides. To half of the neutral solution prepared in 
(1), add one gram of solid ammonium chloride. Now add slowly drop by 
drop a 5% solution of chloramine-T with constant stirring. In the presence 
of traces of iodides the solution will become pale to deep tea-colored, which 
becomes colorless again as more chloramine-T is added. In the presence of 
fairly large amounts of iodides, the solution becomes black due to the 
precipitation of free iodine. If no coloration takes place by the time the 
third drop is added, proceed to the test for bromides. 

(3) Detection of Bromides. If iodides are absent, the presence of bro- 
mides is ascertained by merely acidifying the portion of the solution which 
failed to respond to the test for iodides with dilute hydrochloric acid, when 
the solution will be colored very pale to deep yellow depending upon the 
concentration of bromine liberated. If there is no response to the bromide 
test, the only other anion present is, of course, chloride ion. 

(4) Separation of Iodide from Bromide and Chloride. If iodides have 
been shown to be present in (2), they must be removed before bromide 
can be identified. Dilute the remaining 10 cc. of the solution prepared in 
(1) to 25 ce. and add an excess of ferric chloride solution which oxidizes 
the iodide ion to elementary iodine. 


2Fet*++ + 21- —»> 2Fett + I; 


If iodine is present in sufficient quantities to more than saturate the 
solution, it will precipitate. This will rarely occur. Filter off the pre- 
cipitate and discard it. Boil the filtrate until it is certain that the iodine 
left in solution has been completely volatilized. This readily takes place. 
During the boiling the iron chloride will probably hydrolyze and precipitate. 
This will not interfere with the process.- Add a slight excess of ammonium 
carbonate solution to precipitate any unhydrolyzed iron salts, and filter. 
Discard the precipitate, Cool and acidify the filtrate with dilute hydro- 
chloric acid and add several drops of chloramine-T, when the color change 
described above will show the presence of bromides. 
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(5) Separation of Bromides and Iodides from Chlorides and Detection of 
the Latter. A new 10-cc. portion of the original fluoride-free solution of the 
alkali halides is diluted to 25 cc.; 10 cc. of concentrated nitric acid is added. 
If iodine precipitates, filter it off and discard it. Boil the solution or filtrate 
until it becomes absolutely colorless. This accomplishes the oxidation and 
expulsion of iodides and bromides and leaves behind only the alkali chlo- 
rides. A portion of the resulting solution is diluted with an equal part of 
water and some silver nitrate is added. The characteristic precipitate of 
silver chloride shows the presence of the chloride ion. 


Notes 


(A) Chloramine-T can be used to show the presence of less than 0.14 
gram per liter of iodine in the form of iodide as follows: Place a 50-cc. 
beaker containing 20 cc. of the solution containing the trace of iodide 
upon a white surface. Add several drops of fresh starch solution. Now 
add 1 drop of 5% chloramine-T solution and stir. The characteristic 
blue starch iodide color will appear. An excess of chloramine-T solution 
will destroy this color due to the oxidation of the iodine to iodate, etc. 

(B) Avery faint precipitate or opalescence in the silver nitrate test for 
chloride should not be reported unless it is certain that all reagents used 
are free from chlorides, as this ion is a common impurity. 

(C) The use of a dropper bottle for the chloramine-T solution will 
facilitate the work. 

(D) As chloramine-T is not readily available in most laboratories, a 
free sample can be obtained by addressing the Abbott Laboratories, 
North Chicago, Illinois, who will be glad to furnish a trial amount of their 
“chlorazene”’ brand of chloramine-T. 


Literature Cited 


(1) GERSTENZANG, ‘‘A New Method of Separation and Detection of the Halogen Ions 
Involving the Use of Chloramine-T,” J. Cuem. Epvuc., 8, 1187-9 (June, 1931). 


Tiny balls of cellulose seen as units of structure. Little cellulose spindles are no 
longer the smallest known units which make up the structure of a plant: spherical 
bodies, tinier still, have been discovered. These minute spheres, observed for the first 
time at the U. S. Forest Products Laboratory, Madison, Wisconsin, measure about one 
fifty-thousandth of an inch in diameter. They were found through microscopic exami- 
nation in the spindles which are larger structural units of the plant fiber. 

Reporting to the American Chemical Society, George J. Ritter and R. M. Seborg, 
the investigators, stated that these tiny cellulose balls had not been seen as part of the 
spindles, but only when separated. The optical properties of these balls led to the con- 
clusion that their original form was other than spherical. 

White spruce fibers, with the lignin removed, were used in the examination. One 
batch was prepared with sulfuric acid and the other by chlorination in sunlight.—Science 
Service 





SMALL FRACTIONATING COLUMNS AS STANDARD EQUIPMENT 
FOR THE STUDENT ORGANIC LABORATORY 


E. C. WAGNER, UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PENNSYLVANIA 


A more general use of small fractionating columns in student laboratories is 
urged, not only for the usual experiment on fractional distillation, but also for 
the isolation and purification of preparations. Instruction in fractional 
distillation could be improved tf the exercise included a comparison of different 
types of columns with respect to important features of performance, and a study 
of the influence of insulation and of reflux control upon the effectiveness of a 
column. The completeness of a separation by fractional distillation should be 
judged not merely from the weight or volume of each end-fraction but from this 
together with the purity of one or both. In some cases this can conveniently 
be ascertained from the specific gravity, determined by Westphal balance or other 
specific gravity balance. There is outlined a laboratory exercise on fractional 
distillation into which are incorporated these and other points, and which it is 
believed will lead students to a better appreciation of a somewhat neglected 
subject. 


Although upon occasion he has adopted suggestions made by learned 
associates, overworked assistants, and even oppressed students, the writer, 
like other perverse human beings who have been at it for some years, does 
not invariably enjoy being told how he could advantageously change his 
comfortable teaching habits for others requiring perhaps greater effort 
Accordingly he ventures with some hesitation to criticize an institution so 
well established as the experiment on fractional distillation which is to be 
found in probably all laboratory manuals of organic chemistry, and further 
to suggest that a small fractionating column could be used to good effect 
throughout the laboratory course in the isolation and purification of most 
distillable student preparations. 

It is hardly too much to say that in the organic laboratory fractional 
distillation is generally a somewhat neglected or superficially treated 
subject. The theory of fractional distillation is studied in physical chemis- 
try, some organic textbooks (1) discuss the subject rather fully, and 
students of chemical engineering become acquainted with the construction 
and operation of technical stills, but the problems of laboratory fractiona- 
tion and laboratory columns are sufficiently special and important to de- 
serve more adequate consideration than is generally accorded them. It is 
doubtful that students of organic chemistry, except perhaps in some larger 
institutions, acquire a working familiarity with laboratory columns, of 
definite and rational ideas as to the strong features and the limitations of 
different types of columns and as to considerations important to their most 
effective functioning (e. g., reflux ratio, insulation, length, hold-up, etc.). 
Many students have only the haziest notions as to the reasons for all the 
tortured shapes to be found among columns. The writer has several 
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times been asked by graduate students, holding out gingerly the Snyder or 
Vigreux column discovered in an organic laboratory outfit, ‘“What’s this 
thing for?” 

The experiment on fractional distillation is usually accompanied by 
figures illustrating one or several types of laboratory columns. The 
bothersome bead-packed Hempel column, with its almost unconquerable 
tendency to flood, appears in several manuals; the pear column, the rod 
and disk column, the Wurtz bulbed tube, and the Vigreux, Glinsky, and 
Le Bel-Henninger columns are familiar. The Snyder column is at present 
shown in only one laboratory manual (2). Sometimes there are pictured 
elaborate structures unsuited to student use. Ifit may be assumed that a 
recommendation to the student to use some one type of column carries with 
it the idea that the selected column is the one best suited to the purpose, 
then there must be about as many ‘‘best” student columns as there are 
“best” automobiles priced between one and two thousand dollars. There 
is room for differences of opinion regarding everything, but it seems that 
preferences in columns need not be based upon anything less than definite 
knowledge of effectiveness and general suitability, controlled in some cases 
by considerations of expense. It is hoped that some light on the compara- 
tive merits of various types of columns of size suitable for student use will be 
shed by the experimental results reported in a previous paper (10). 

The experiment on fractional distillation ought certainly to require the 
use of a column, and if possible the use of several columns of contrasted 
types and similar dimensions, so that the assembled results from a labora- 
tory group will yield a comparison of the columns and will permit a class- 
room discussion of the subject. It is desirable that classes of chemists or 
chemical engineers obtain in the laboratory first-hand information as to the 
important effects of increased reflux and of insulation. This may readily 
be made a feature of the laboratory exercise on fractionation, using an 
external partial condenser and asbestos paper insulation such as are shown 
in Figure 4 of the previous paper (10). 

The manner of judging the effectiveness of a separation of a mixture of 
two liquids by fractional distillation could be much improved. Without 
exception which comes to mind, the completeness of the separation of 
alcohol and water, benzene and toluene, etc., is tested by no indication more 
exact than the volume or weight of each end concentrate and of the inter- 
mediate fractions, each collected within a range of 5° or more. Such results 
may sufficiently impress and edify students taking a “‘short’’ laboratory 
course, but they seem scarcely adequate in the training of chemists, chemi- 
cal engineers, or any serious students of laboratory practice. Very few 
students, and probably not all teachers, recognize or appreciate the fallacy 
in such a procedure. The student mixes definite amounts of ordinary 
alcohol and water, and perhaps notes that the mixture will not ignite. He 
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fractionates two or three times with whatever apparatus is provided, and 
notes with satisfaction the augmentation of the end fractions and the 
diminution of the intermediate fractions. He finds that the fraction 
collected up to 82 or 83° is nearly as large as the quantity of alcohol taken, 
that it now ignites readily and has an intensified interesting odor, and that 
the next fraction is small. He is told that the best alcohol obtainable by 
distillation contains 95.57% ethanol by weight. From this evidence he js 
inclined to conclude that he has separated the mixture rather sharply into 
its components, when it is more than likely, if he had used even an efficient 
small column and small quantities of alcohol and water, that the first 
fraction is less than 90% alcohol and that the water fraction contains enough 
alcohol to make illegal its sale as drinking water. 

The results of an experiment on fractional distillation, especially if it 
involves a comparison of several types of columns, become much more 
instructive and satisfactory if the purity of the end fractions can be tested 
quantitatively. This can be done readily with alcohol-water or toluene- 
carbon-tetrachloride mixtures by determination of specific gravity, using 
for the purpose a good Westphal balance or the Becker specific gravity 
balance. The alcohol-water separation can be tested alternatively by 
means of an immersion refractometer. The additional time required for 
such determinations is not great, and seems to be fully compensated by the 
increased definiteness of the results. From the weights or volumes of the 
end fractions and their concentrations the student can calculate a working 
“efficiency” [see preceding paper (10)] for his apparatus, and then has a 
numerical idea as to its ability. 

Directions for the experiment on fractional distillation are often not 
sufficiently explicit regarding important details of procedure. A definite 
distillation rate should be stated, and it should be well within the capacity 
of the column (unless of course the capacity is to be tested by operation at 
various rates). For small columns to operate most efficiently the rate 
should probably not much exceed | cc. per minute.* 

Students are prone to distil too rapidly, and many will do so, unless the 
column used has a high capacity, if directed merely to “distil slowly and 
steadily.’ To stand and watch the lazy and unambitious drip of a frac- 
tional distillation at low rate is likely to goad less patient students to 
unprofitable bursts of speed if the importance of distillation rate has not 
been emphasized. If a comparison of columns is undertaken, it is of 
course imperative that all distillations be made as nearly as possible at the 
same rate. 

In a comparison exercise the fractionating columns, flasks, condensers, 
etc., should be the same in essential dimensions. In all cases a short 


* Hill and Ferris (3), in a comparison of laboratory columns about one-half meter 
long, kept the rates generally at 1 cc. or 2 cc. per minute. 
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condenser is best, and some definite routine should be specified regarding 
allowance for the time of flow through the condenser after the temperature 
limits of the fractions are passed. It is good practice to seat the distilling 
flask in a circular perforation in an asbestos screen, and as an additional 
safeguard against improper heating the introduction of some fragments of 
hard coal or other anti-bumping agent should not be omitted. 

Whatever may be the state of affairs with respect to the use of small 
columns in experiments on fractional distillation, it seems safe to say that 
the regular equipment of students with small columns, and the day by day 
use of these columns in the isolation and purification of preparations, are 
unusual. Laboratory manuals generally recommend a column for several 
experiments, but its use is an event probably requiring the student to make 
a trip to the stockroom, and he may quite fail to realize the usefulness of a 
small column as an every-day aid. In the distillation of products the 
customary procedure is to use a side-arm flask, heated without a screen or 
perhaps through a wire gauze, and to collect a rapidly distilled portion 
which boils through a range of several degrees, often tolerantly extended 
somewhat by the student in the interest of a larger yield. In this labora- 
tory each organic outfit includes a 3-ball Snyder column which is used more 
or less as a matter of routine, and experience has shown that this is an 
entirely feasible improvement in technic. The same set-up is used as in 
the experiment on fractional distillation [Figure 3, previous paper (10) ]. 
The operation consumes little more time than distilla ion from a side-arm 
flask, and the necessity for a redistillation is often eliminated. The results 
have been gratifying, for the purity of most distillable products is measure- 
ably improved, and yields often noticeably increased, by correct use of a 
column, and students thereby become more critical of their preparations. 
Even high-boiling substances (e. g., acetamide) can readily be distilled 
through a short column if it is wrapped with several thicknesses of asbestos 
paper. 

Among familiar student experiments in which the smali Snyder column 
has been used with advantage are the following. (1) Preparation of 
Acetamide (4)—The separation cf water and acetic acid from acetamide is 
sharp, and the acetamide is finally distilled through the insulated column as 
a 3° product, the yield being usually above 80%. (2) Preparation of 
Amylene from Ethyldimethylcarbinol (5)—The amylene is distilled from the 
reaction mixture as a 2 or 3° product in a yield of 85% or more. (3) 
Preparation of Ethyldimethylcarbinol by the Grignard Reaction (6)—The 
final separation of the solvent ether and the product is much improved by 
use of acolumn. (4) Preparation of Ethylbenzene by the Fittig Reaction (7) 
—Separation of the product is greatly facilitated by fractionation with a 
column, and the yield is distinctly higher than without this aid. In addi- 
tion to the foregoing cases it may be mentioned that the doubtful ether and 
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ethyl acetate commonly made by students sometimes become a little more 
authentic upon distillation through a column. 

To equip each student with a small fractionating column involves of 
course some initial expense, which can be regulated by the type or types 
selected. The writer is convinced that the study of the performance of a 
column, and its habitual use in laboratory work, bring visible benefits which 
justify any added expense. 

Comparative tests made under the conditions of the student laboratory, 
and described in a previous paper (10), permit ranking of the columns 
examined, on the basis of efficiency and other features of performance 
related to suitability for student use, in the following order: (1) Snyder 
3-ball column, (2) plain tube packed with pieces of glass tubing or rod, 
(3) Vigreux column, (4) Clarke and Rahrs column (8), (5) Young pear 
column, (6) plain tube without packing. A packed 2-bulb Wurtz tube of 
the same height as the other columns, but with about four times as large a 
working volume, was found to be higher in efficiency, but its large hold-up 
(about 4 cc.) made it seem unsuited to the small-scale distillations of the 
student laboratory. The superiority of the Snyder column was shown 
earlier by Hill and Ferris (3), and on the whole the ranking given above for 
very small columns agrees with that of Hill and Ferris for much larger 
columns. In this laboratory the Snyder column has been found satis- 
factory with respect to effectiveness and durability through a period of 
eight years. The packed straight tubes are almost as good, however, and 
their hold-up while larger is not excessive (with 5 X 5mm. packing). The 
Vigreux column is surprisingly effective for an open column, and its hold-up 
is small. The three columns mentioned last are considerably cheaper than 
the Snyder column, which can be made only by a good glassblower. The 
Snyder column, however, is one of the few efficient columns of student size 
which is at present on the market (9). The choice among these columns, if 
only one type is to be selected, is probably not a matter of consequence, as 
the general adoption of any good column for student use would be a step 
forward in organic laboratory instruction. 

The experiment on fractional distillation now in use in the writer's 
laboratory by chemists and chemical engineers involves comparison of ten 
or more types of small columns as to efficiency, hold-up, and other features 
of performance. Each student compares two columns, all the comparisons 
are made under conditions of operation as nearly as possible identical, and 
the averaged results from the whole class are assembled and their signifi- 
cance discussed. Optionally, the columns are operated both with and with- 
out forced reflux and insulation. The general plan of the experiment will 
be fairly clear from the earlier discussion. The apparatus and the 
procedures are about the same as those used in the comparisons of small 
fractionating columns outlined in the preceding paper (10). 
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Electron can still be regarded as bullet. There is no need to regard the electron 
as made of waves rather than as a particle, Dr. R. M. Langer of the University of Minne- 
sota told the American Physical Society recently. 

Since the discovery recently that a beam of electrons can be diffracted by a metal 
plate like a beam of light by a grating, physicists have thought of the electron as being 
sometimes very unlike a bullet, which was the old idea of the electron, Dr. Langer 
explained. Electrons may behave sometimes like waves, sometimes like particles. 

The wave property of the electron, which has played such a large part in the recent 
revolution of physics, is not, Dr. Langer said, necessary to explain any experiments so far 
performed. 

“According to the present attitude,’’ said Dr. Langer, ‘‘the old controversy between 
the wave theory and the corpuscular theory of light is unimportant because either 
one can be made complete and self-consistent. The same holds with regard to the 
theory of matter. However the wave theory has had a certain advantage in the dis- 
cussion of experiments on diffraction by gratings or crystals both for the optical and the 
electronic or atomic case. This advantage which was merely in the simplicity of the 
deduction of the diffraction formulas no longer obtains because with our newly acquired 
knowledge of the solid state, an argument originally proposed by Duane can be de- 
veloped which makes the corpuscular description even simpler than the other. The 
important property of a solid body in this connection is that the electrons in it can take 
on only certain particular velocities or momenta. This property is sufficient to insure 
for example the selective reflection of light or electrons into definite directions without 
postulating any wave-like characteristics in the impinging electrons or light photons. 

“The particle point of view is for many physicists an easier one to visualize and they 
will prefer to think entirely in terms of particles when they find that no unnecessary 
complications are involved in such a course. This will make it easier to interpret and 
devise new experiments. For many purposes a solid can be visualized as a structure 
through which many electrons surge back and forth. The atoms themselves will be 
unimportant except to give mass and shape to the system. The agents with which 
outside influences interact are the electrons and they determine what the nature of the 
interaction will be.”— Science Service 








RANGE OF SUBJECTS TAUGHT, TEACHING LOAD, AND 
PREPARATION IN SCIENCE OF THE SCIENCE 
TEACHERS OF NEW JERSEY* 


Rurus D. REED, STATE TEACHERS’ COLLEGE, MontTcLaIR, NEW JERSEY 


The investigation shows that beginning science teachers may be expected 
to teach two or more sciences, or science and non-science combinations. Those 
positions where just one science is taught are held by the more experienced 
teachers. The most common subject combinations were found to be: general 
science and biology, chemistry and physics, or general science and chemistry, 
Of the science and non-science combinations, science was found to be most 
Frequently combined with mathematics or social science. General science was 
most often offered in the ninth year, biology in the tenth year, physics in the 
eleventh, and chemistry in the twelfth year. The median training in science for 
science teachers was found to be about three years each of biology and chemistry, 
one and one-half years of physics, and about one-half year of the earth sciences, 
About two-thirds of the science teachers were men while but one-third of all 
teachers of all subjects in the junior and senior high school were men. 


Reason for Investigation 


This investigation was made to determine the training needed for science 
teachers in the junior and senior high schools of the state so that this 
institution could more efficiently equip its prospective science teachers. In 
liberal arts colleges little or no attempt is made by wise choice of subjects 
to fit students for teaching positions. Too frequently a pupil becomes 
interested in, for example, botany and takes all the botany offered. On 
graduation the prospective teacher will find that a job where he will have 
to teach nothing but botany is not available. So he may have to take a 
position as a biology teacher with some work in chemistry and physics. 
Such misfits are regrettable but apparently no one assumes the responsi- 
bility. There are only a few of the graduates of a liberal arts college who 
take up teaching. The aim of the professor is to persuade as many as are 
fit to do graduate work in his subject. But in a teachers’ college all the 
graduates are expected to teach. If they are not prepared to take the 
jobs available, then the institution graduating them will be criticized. 


Plan of Investigation 


A letter stating the reason for the investigation and four questionnaires ** 
were sent to each junior or senior high-school principal in the state. The 


* Presented before the Division of Chemical Education of the A. C. S. at the Buffalo 
meeting, August 31-September 4, 1931. 

** The writer wishes to thank Dean Charles W. Finley, of the State Teachers’ Col- 
lege of Montclair, New Jersey, for suggesting the problem, for his work in preparing 
the questionnaires, and for his counsel and advice in carrying out the investigation. 
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principals were requested to have each instructor who did any science teach- 
ing fill out a questionnaire. Additional questionnaires were sent upon 


request. 

The completeness of the investigation was checked by comparison of the 
number of returned questionnaires from a given school with the number 
of teachers listed as science teachers on the mailing list that had been pre- 
pared by the State Department of Public Instruction for the State Science 
Teachers’ Association. 

The points covered by the questionnaires were: subjects taught, sex 
of the teacher, teaching load, periods per week a class recited, the year of 
the school system in which a subject was offered, years of teaching experi- 
ence, and science preparation of the teacher. 


Completeness of the Study 


One hundred eighty-two schools out of two hundred one replied (90.5 
per cent response). The schools not returning the questionnaires were in 
different parts of the state and were small schools with but one or two sci- 
ence teachers except two schools which had four science teachers each. 


Sciences Offered in the Junior and Senior High Schools of 
New Jersey 


A study of the questionnaires from each school was made to determine the 
number of sciences offered by each school. The results appear in Table I. 


TABLE I 
Number of Sciences Offered by the Junior and Senior High Schools 
No Science 1 Five Sciences 12 
One Science 21 Six Sciences 5 
Two Sciences 15 Seven Sciences 1 
Three Sciences 38 Eight Sciences 1 
Four Sciences 87 Total 182 


Those schools offering one science were the junior high schools. Four or 
more sciences were offered by 57.7 per cent of the schools. Three sciences 
only were offered by 20.8 per cent of the schools. The school offering no 
science was a junior high school. 

To determine the nature of the science offered by these schools, a study 
was made of the subjects listed in the questionnaires sent from each school. 
The results appear in Table ITI. 

The data in this table indicated that general science, biology, chemistry, 
and physics are the most frequently offered sciences. Some schools offered 
chemistry and no physics, and vice versa. These schools may offer physics 
and no chemistry, respectively, the following year. In most schools not 
offering biology as a senior high-school subject, botany and zodélogy were 
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TABLE II 
Nature of Sciences Offered by the Different Junior and Senior High Schools 
Schools Se 
Offering opens, 
General Science 159 Zodlogy 10 
Biology 148 Physiography 6 
Chemistry 135 Agriculture 4 
Physics 129 Nature Study 2 
Physiology, Health,and Hygiene 19 Applied Science 2 
Botany 11 No Science 1 


offered. Nature study is a primary-school subject. This no doubt ex- 
plains why but few of the schools offered this course. The three-year 
senior high-schools were the ones not offering general science. About 
87 per cent of the schools offered general science; 81 per cent biology; 
74 per cent chemistry; and 71 per cent physics. 

The number of schools in this state offering each major science com- 
pares favorably with data given by other investigators. Finley (1) quotes 
data from a California investigation in 1922-23 which showed that of the 
day high schools, 71.2 per cent offered general science; 59.5 per cent 
biology, 75.9 per cent chemistry, and 72.8 per cent physics. Jensen (2) 
showed that in South Dakota high schools during 1926-27, 78.1 per cent 
offered general science, 33.1 per cent biology, 61.1 per cent physics, and 
24.6 per cent chemistry. 


Year in Which Each Science Is Offered 


To gain an idea of the maturity of the students taking each science a 
study was made to determine the year in which each science was offered. 
The results appear in Table III. 


TABLE III 
Showing Year in Which Each Science Is Taught 


Per Cent of Instructors Teaching Science in Each Year 


Subject Ans. 7-8 9 10 ll 12 9-10 10-11-12 11-12 
General Science 0.7 16.0 79:0. ..0.7: .6.8..-0:38. 3.0 -0.0. ae 
Biology 0:0 :0:0: °-6.0 70.0. 330: 2,0 4.0 16:0 ae 
Chemistry 2:0" 0.0 0:0: ‘0:0 95.0 65.0 0:0 - 0:0" Tae 
Physics 2:0: 0.0": -0:0:.. 0;0° 60:0: 22.0: 0.0. 0:0. em 
Health, Hygiene, Physiology 0.0 50.0 30.0 00 10.0 7.0 3.0 0.0 0.0 
Botany 0.0 0.0 0.0 36.0 18.0 18.0 0.0 28.0 0.0 
Zoblogy 9.0 6.0 0.0 18.0 18.0 36:0 6.0 18.0: O@ 
Physiography 7.0 21:0 35.0 21:0" 6.0 °14:0°°-0:0°” 0:0. ee 


The data in this table indicate that general science is taught in the ninth, 
biology in the tenth, physics in the eleventh, and chemistry in the twelfth 
years in most schools. However, one-fourth of the instructors taught 
chemistry in the eleventh and a few less taught physics in the twelfth 
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year. Quite a few offered biology as an elective in the last three years and 
physics and chemistry in the last two years of the high school. The 
place of each science is better established than Hunter (3) found in his 
wider survey in 1924. 

There is apparently but little tendency to push general science into the 
seventh and eighth years so that biology may be offered in the ninth 
year. 

The number of instructors of health, hygiene, physiology, botany, 
zodlogy, or physiography is small. Instructors of general science in many 
cases were teaching general science in the seventh, eighth, and ninth years 
at the same time. The general science in the eleventh and twelfth years 
was science survey or practical science. 


Range of Subjects Taught by Science Teachers 


This problem is of great importance in determining the proper fields of 
preparation of science teachers. If there are certain science combinations 
in great demand then prospective science teachers should prepare to teach 
these combinations. 

This problem was investigated by tabulating the data from that portion 
of the questionnaire listing the subjects taught by science teachers. Where 
only two or three classes in science subjects and no non-science subjects 
were listed, it was assumed that the teacher did not include the non-science 
subjects. Such cases were classified as teachers of the science given and 
an unknown subject. All varieties of mathematics were classified as 
mathematics, all forms of history were classified as history. Physiography 
was listed separately from geography because the former is accepted by 
many colleges as a science while the latter is usually accepted as a social 
science study or commercial subject. As teachers of a science and super- 
visors were listed not only those teachers who were apparently science 
supervisors, but also all who were vice-principals. The results appear in 
Table IV. 

Of the 507 teachers answering the questionnaire, 333 (approximately 
two-thirds) were men. Data by letter from the State Department of 
Public Instruction showed that of the 4561 teachers in the junior and senior 
high schools, 1649 (36.13%) were men. These facts indicate either a pref- 

erence for men science teachers or a scarcity of women science teachers. 
Almost one-third of the men teachers in the junior and senior high schools 
were teaching at least one class in science. 

A study of the type of science taught indicated that in about 60 per cent 
of the cases, the women science teachers were teaching a biological science 
as one of their subjects. An inspection of the outstanding subject combina- 
tions showed women to predominate in biology only, and in biology and 
general science. Men teachers were in the majority as teachers of general 








330 JOURNAL OF CHEMICAL EDUCATION 


TABLE IV 


Showing Range of Subjects Taught by Science Teachers in New Jersey 


Sex Not 
Stated 


General Science 

Biology... 

Phivaies:. : .... 

Chemistry...... 

Supervision...... Ee on 

General Science and Biology... 

General Science and Chemistry. 

General Science and Physics. . : 

General Science and Health or ‘Elysiciee. 

General Science and Physiology........ 

General Science and Agriculture....... 

General Science and Botany..... 

General Science and Physiography..... 

General Science, Foods—Nutrition. . 

Biology and Chemistry........... ope’ 

Biology and Physics..... RN Sitar 

Biology and Zodlogy....... et tases ge ken? 
RRM UN URINE onc oes eb we es pene Oe 
pg Be a 

Biology and Physiology............. a 

Botany and Physics. . Weer re erat 

Botany and Zodlogy...... a LieeRnceny 
Chemistry and Physics..... sie oe. Raa 
Chemistry and Physiography.................:... 
General Science, Chemistry, Physics... . 

General Science, Biology, Chemistry..... 

General Science, Biology, Physics...... 

General Science, Physics, Applied Science. . 

General Science, Chemistry, Household Chemistiy. . 
General Science, Biology, Botany.................. 
Biology, Chemistry, Physics.... Re oy by 
DEMON ROUEN | COOIOEG 6 6050 53s Ss ee ec eee 
Biology, Physics, Personal Hygiene................ 
Biology, Botany, Physiology......... Be OE Ace eel 
Biology, Zodlogy, Physiology....... a Ae 
Biology, Chemistry, Hygiene. re eee oe 
Botany, Zoélogy, Physiology........ et Seebe 
Chemistry, Physics, Practical Selence.. es 
Chemistry, Physics, Nature Study. . eee 
oO a a a 
General Science, Physiology, Physiogrephy.. 

Gencral Science, Biology, Chemistry, Physics. ate 
General Science, Chemistry, Physics, Physiology... . 
General Science, Biology, Botany, Zodlogy......... 
General Science, Biology, Zodlogy, Chemistry, Physics 
General Science, unknown subject................ 
Biology, unknown stibject..... 0.0.65 -6 ccs es eae 
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TABLE IV—(Continued) 


Men 
Physiology, unknown subject..................... 0 
Physics, unknown subject....................44. 2 
General Science, Physics, unknown subject......... 2 
General Science, Physiology, unknown subject. . 0 
General Science, Biology, unknown subject... . 0 
Chemistry, Physics, unknown subject.............. 2 
General Science, Mathematics.................... 16 
General Science, Geography.................... ; 4 
SRT OTE, PEIMIOEY 5. go oc ects s Hast vous 5 
General Science, English............ hres cetera 1 
General Science, Commercial Subject... .. ate 1 


REO IEICE, LOUIE. hy occ k besa shes 
General Science, Physical Education............... 
General Science, Guidance.......... 
General Science, Supervision...... 
I MURINE 5S ye Maa ioe GT GTS CU os DR EOD 
Mee NAMCHOCTUBUCS 2s be boc boson es 
SS OSG RD ROE ee Be rite ne rah 
Biology, English........... 
MN CRIME OID is kN Pe eee es 
Cuemiestey, Mathematics........5......2506. 
ENE CSOGOPOTII oe occas bd te boas 
munmistey, E@tin............5.6: 
Chemistry, Supervision. . 
Chemistry, English...... 
MN WERCROINGUIOS 5k hei Si ees ke ek 
Physics, History........ BY Tes Sah no cca ega tata Sea 
tee 
General Science, Mathematics, History............. 
General Science, Mathematics, Geography........ 
General Science, Mathematics, English............. 
General Science, English, Commercial Subject... ... 
General Science, English, Geography............ 
General Science, History, Latin................... 
General Science, History, Art..................0.. 
Biology, Commercial Law, Guidance............... 
Biology, Mathematics, Physical Training........... 
Biology, Mathematics, English.................... 
Chemistry, Mathematics, English................. 
Chemistry, Mathematics, Physical Training........ 
Chemistry, Industrial Art, Mech. Drawing......... 
Phiysics, Civics, Hnglish......5........... eS I 
General Science, Physiology, Geography............ 
General Science, Biology, Mathematics............. 
General Science, Physics, Mathematics............. 
General Science, Chemistry, History, or Civics...... 
General Science, Biology, Geography... ie a 
General Science, Biology, English................. 
General Science, Biology, History................. 
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TABLE 1V—(Continued) 
Sex Not 
Men Women Stated Total 

General Science, Biology, Physical Education....... l 0 0 1 
General Science, Physiology, Mathematics.......... 0 1 0 
General Science, Health, History.................. l 0 0 
General Science, Biology, Economics............... 1 0 0 
General Science, Chemistry, Mathematics.......... 1 
General Science, Agriculture, Physical Training... . . l 
Chemistry, Physics, Mathematics................. 3 
ROT, PF MON FEMI, 26.5 os cence ve oe eewes l 0 0 
Chemistry, Physics, Physical Training............. 1 
Chemistry, Physiology, Geography................ 1 
Chemistry, Geology, Mathematics................. 0 l 0 
Physics, Hygiene, Supervision. . ES 1 0 0 
General Science, Physiology, Silecy, Conamercial 

MRI 2 Se ic eeu ad varie ga Ad 6 aed oeack 1 0 0 1 
General Science, Biology, Chemistry, Mathematics... 5 0 0 5 
General Science, Biology, Mathematics, Physical 

DRE oooh Sia oso as Se ste a id aed os 
General Science, Physics, History, Mathematics... . 
General Science, Physics, Mathematics, Geography. 
General Science, Biology, Physics, Physical Training 
General Science, Biology, Chemistry, Civics........ 
General Science, Biology, Chemistry, History, Home 


o> 


General Science, Chemistry, Physics, Economics... . 1 0 0 
Chemistry, Physics, Club, Study Hall, Lunch Room. 1 0 0 
Biology, Chemistry, Physics, History.............. 0 1 0 


science only, chemistry only, physics only, and in combinations involving 
chemistry or physics. 

Of the two science combinations the most frequent in the order of their 
decreasing frequency were: general science and biology; chemistry and 
physics; general science and chemistry; biology and chemistry; and 
general science and physics. Of the three-science combinations the most 
frequent were: general science, chemistry, and physics; biology, chemistry, 
and physics; general science, biology, and chemistry. 

Of science combinations, 100 involved general science and _ biology; 
86, chemistry and physics; 67, general science and chemistry; 58, general 
science and physics; 51, biology and chemistry; 37, biology and physics. 
Undoubtedly a science teacher must have a wide, thorough preparation in 
the whole field of science. 

Of the 165 teachers of sciences and non-sciences, 65 taught combinations 
involving mathematics; 51, social sciences (including geography but not 
physiography); 14, English; 6, physical training; 4, some foreign language. 
There were 27 combinations involving geography or physiography with 
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some science. Evidently the most desirable minor in the non-sciences is 
mathematics, or social sciences including geography. 

Of the 507 science teachers, 342 (over two-thirds) were teaching science 
only. Of these 342 teachers, but 136 (26.8 per cent of the total) were 
teaching one science only. About the same number (134) were teaching 
two sciences. But 59, or 11.6 per cent, taught three sciences. Only 
12 (2.3 per cent) taught more than three sciences. 


Number and Size of Classes in the Major Sciences Taught in 
the Junior and Senior High Schools 


A knowledge of the size of science classes is important in determining 
the maximum limits of science classes in a school system. The data of this 
study appear in Table V. 


TABLE V 
Number and Size of Classes in the Four Major Sciences 

Quartile 

Science Teachers Classes Range Median Deviation 
General Science 281 650 10-45 29.52 3.55 
Biology 188 485 5-40 25.96 4.02 
Physics 158 302 5-40 20.72 5.33 
Chemistry 162 306 9-43 22.25 5.16 


These data indicate that 37 per cent of all the science classes in junior 
and senior high schools are general science classes, 28 per cent biology 
classes, 17 per cent physics, and 18 per cent chemistry classes. 

While the range in class size is not very great for the various sciences, 
the median size of general science classes is almost a half larger than the 
median size of physics classes. The lower limit of the quartile deviation 
of general science classes is about the upper quartile deviation limit of 
physics and chemistry classes. The data in the last two columns indicate 
that half of the general science classes in the state have between 26 and 33 
pupils; biology classes, between 22 and 30; physics classes between 15 and 
26; and chemistry classes between 17 and 27. One wonders how effective 
science instruction can be in those classes which are much over thirty 
students. 

The data in the columns giving number of classes and median size in- 
dicate that many more students take general science in junior or senior 
high school than take physics or chemistry. In a great many cases the 
only science instruction they receive is this course in general science. 
Also, the like or dislike for science developed in these general science courses 
will determine whether the student takes more science in his later career. 
This emphasizes the need for adequate curriculum and well-trained teach- 
ers in general science. 
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Total Load in Classes of Science Teachers 


To determine which teachers had the greatest teaching load in classes, 
a study was made of the number of classes taught by teachers of the four 
major sciences. The results appear in Table VI. 


TABLE VI 
The Total Load of Science Teachers by Classes 


Percentage of Teachers Teaching 


Over 6 6 5 4 Under 4 No 
Science Classes Classes Classes Classes Classes Answer 
General Science 9.6 16.1 40.3 19.0 4.4 10.6 
Biology 1.6 14.6 41.6 26.4 10.3 5.4 
Physics 1.3 6.4 35.0 37.6 11.4 8.3 
Chemistry 1;2 7.9 29.0 42.5 14.5 4.8 


General science teachers teach more classes than teachers of other 
sciences. Over 25 per cent teach six or more classes. Only 23 per cent 
teach less than five classes. Sixteen per cent of the biology teachers teach 
as many as six classes and about 37 per cent fewer than five classes. Less 
than 8 per cent of the physics teachers and about 9 per cent of the chemistry 
teachers teach more than five classes. Also 49 per cent of the physics and 
57 per cent of the chemistry teachers teach less than five classes. Evi- 
dently four classes for chemistry teachers, four to five classes for physics 
teachers, and five classes for biology and general science teachers is con- 
sidered a normal teaching load. 


Number of Classes of a Single Science Taught by Teachers of 
More Than One Subject 


To determine whether a teacher of a given science and one or more sub- 
jects taught the particular science as his major load, a study was made 
of the number of classes of each subject taught by teachers of more than 
one subject. The results appear in Table VII. 


TABLE VII 
Number of Classes of a Single Science Taught by Science Teachers of More Than One 
Subject 
Percentage of Teachers Teaching in the Given Science 
Over 5 4 F | 2 
Science Classes Classes Classes Classes Class 
General Science 3.4 11.3 18.0 29.6 37.7 
Biology 0.0 9.0 23.4 33.8 33.8 
Physics 0.0 3.2 8.5 32.3 56.0 
Chemistry 0.0 5.7 8.5 30.5 55.3 


Teachers who are teaching a science as part of their load may expect to 
teach-but one or two classes in the particular science—20 to 40 per cent of 
their load. They must be able to teach more than just chemistry, or just 
physics, etc. 
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Periods per Week Devoted to Major Sciences in Junior and 
Senior High Schools 


To determine whether the general science and biology teachers taught 
more hours than physics and chemistry teachers, a study was made of the 
number of hours the major sciences met a week. The results appear in 


Table VIII. 
TABLE VIII 


Amount of Time in Periods per Week Devoted to the Major Sciences in the Junior 
and Senior High Schools 


Percentage of Teachers Who Teach the Science 
No Less Than Rect. 5 Rect.4 Rect.3 Rect.4 Rect.3 Mise. 
Science Ams. 5 Periods Lab. 0 Lab. 1 Lab.2 Lab. 2 Lab. 4 Overé 


General Science 
7th and 8th Years 10.3:. 72.4 <13.8 0.0 0.0 0.0 0.0 3.4 
General Science 


9th Year 17.0 3.0 64.4 8.7 2.6 be 0.7 1.5 
Biology Ly. 1:0: 38:5. 10:6 - 10.6: -10.6. 183 2.168 
Physics 14.7 0.0 1.9 2.6 5.8 25.6 33.3 16.0 
Chemistry 12.0 0.0 1.2 2.4 1.2 26.6; 36:7: 20.6 


The data in this table indicate that seventh- and eighth-year general 
science classes recited less than five times per week. Ninth year general 
science recited five times per week and there was no special time devoted 
to laboratory work. Biology classes recited or met five times per week in 
55 per cent of the cases that replied and a third of the teachers had no set 
laboratory period. But about 10 per cent of the physics and chemistry 
teachers devoted as little as five periods per week toa class. 75 per cent of 
the physics and 77 per cent of the chemistry teachers met their classes more 
than five times per week. Three recitations and four laboratory periods 
per week were the most common combinations. 

This study indicated that general science is not a laboratory science as 
taught in this state. Apparently in many cases biology is not a laboratory 
course, laboratory work being given only when the spirit moves them. 


Experience of Science Teachers 
A study was made of the length of experience of science teachers to 
determine if beginning teachers had to teach more different subjects than 
teachers longer in the field. The results appear in Table IX. 


TABLE IX 


Experience of Science Teachers 


Experience in Years 
Subjects Quartile 


Taught Range Median Deviation 
1 Science 1-40 9.55 5.88 
2 Sciences 1-33 7.70 -~ 4,90 
3 or More Sciences 1-31 5.75 ' eS 18 


2 or More Subjects Sciences 


and Non-Sciences° 1-24 4.16 
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The range of experience is great in every group. But an inspection of 
the medians in this table indicates that the teachers of one science are the 
older teachers in service. In fact no teacher of biology, physics, or chemis- 
try only was found to have less than two years of experience. The median 
for general science only was six years; biology only, twelve years; physics 
only, sixteen years; and chemistry only, nineteen years. Teachers of 
sciences and non-sciences have the least experience as a group. Evidently 
young teachers must expect to teach more than one science and possibly 
some non-science subjects. 


Comparison of Teaching Load of Teachers When They Began 
Teaching with Their Present Load 


To determine if science teachers change their field of teaching, a study 
was made of the teaching load in terms of subjects with the subject teaching 
load at the time of the investigation. The results appear in Table X, 


TABLE X 


Relation of Subjects Now Taught by Science Teachers to Those They Taught as 
Beginning Teachers 
Percentage of Teachers Who Taught Their First Year 


Other This Science This Science 
Science Same Subjects and Other and Fewer No 
Taught Load Entirely Subjects Other Subjects Answer 
General Science 21.5 33.58 40.14 2.55 2.20 
Biology 16.7 33.5 42.2 1.6 5.4 
Physics 12.1 35.0 45.2 1.9 5:7 
Chemistry 13.4 34.7 40.9 3.7 7.3 


Column 1 shows that a larger number of teachers in general science 
have not had their load changed than in the other groups. This is prob- 
ably due to the fact that there are more new teachers in this group than 
other groups. Over one-third of the science teachers are now teaching 
entirely other subjects than those they began toteach. Column 3 indicates 
that beginning teachers have more subjects to teach than more experi- 
enced teachers. 


Study of College Preparation in Science of Science Teachers 


To determine the adequacy of preparation in science of science teachers 
a study was made of that portion of the questionnaires dealing with the 
preparation of teachers. The teachers were grouped into four groups: 
biological, which included botany, zodlogy, physiology, hygiene, etc. 
general science, which included science survey and nature study; physics; 
and chemistry, which included household chemistry. 

The first part of the study determined the total college preparation in 
science without regard to the nature of the science. The results appear 
in Table XI. 

The second part of the study investigated the preparation of the science 
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teachers in each great field of science—biological, chemical, physical, and 
earth science fields. Anatomy, hygiene, physiology, eugenics, methods of 
biology, etc., were considered as biology preparation. Physical chemistry, 
mineralogy, and the like were considered as chemical training. Courses in 
radio, electricity, wireless, and the like were classified as physics. Physiog- 
raphy, geology, meteorology, paleontology, petrography, astronomy, etc., 
were classified as earth sciences. Nature study, science survey, methods 
of general science, etc., were classified as general science. But these 
courses in general science were so few that they were not tabulated in the 
tables. Engineering, psychology, scientific German, services as chemist 
were not classified as preparation in any field of science. The results were 
summarized. Tables XII to XV give the results. 


TABLE XI 


Total College Science Training of Science Teachers 
College Preparation in Years 


Quartile 

Science Cases Range Median Deviation 
General Science 278 0-24 8.37 2.94 
Biology 216 1-23 8.55 2.90 
Chemistry 166 2-211/, 8.95 2.35 
Physics 158 3-23 8.11 2.39 


This table indicates that the range of preparation, the median prepara- 
tion and the quartile deviation of each group of teachers is about the same. 
In this and the following tables, by a year’s preparation is meant taking one 
science subject for a school year. A more detailed study showed that the 
teachers of a science and non-science subjects constitute the most poorly 
prepared group. 

The total preparation median is high and indicates that the science 
teachers are well grounded in science. However the range of preparation 
column indicated that there are some science teachers who are evidently 
teaching without adequate preparation. The high upper limit to the 
range indicates that there are science teachers in the junior and senior high 
schools who have had as much or more college training in science as many 
college professors. 

A study of the median preparation in each science indicates that general 
science teachers as a group had more preparation in biology and chemistry 
than in physics and earth sciences. In four cases the biology median was 
the highest, while in two cases the chemistry median was the highest. 
Powers (4) in his study of the space given to each variety of science in 
general science texts found one-third of the space was given to physics while 
but twenty-seven per cent was devoted to biology, one-fourth to earth sci- 
ences, and one-tenth tochemistry. Recent books are giving still more space 
to physics as well asmoretochemistry. This indicates that general science 
teachers should be well prepared in physics, especially in the applications, 
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The median preparation in each field of science for the group of teachers 
of general science and non-sciences is low, as compared to the corresponding 
science preparation of the other groups. This indicates that they were, 
in the main, teachers who were prepared to teach in another field, but 
who were compelled by shortage of work in their particular field to take the 
extra classes in general science. 

The range of preparation in each field of science was wide—0 to 17 years 
in biology, 0 to 9'/2 in chemistry, 0 to 7 in physics and earth sciences. One 
wonders how well a teacher with no preparation in the biological field can 
teach that portion of general science dealing with biological facts. The 
girl knowing nothing of the mechanics of physics would have trouble in 
teaching the physics of an automobile and would probably wonder why she 
had such a discipline problem with boys. 

According to the median preparation in each field for general science 
teachers as a group, a teacher of this subject should have about three years 
of biology, two and one-third years of chemistry, one and one-third year 
of physics, and a half-year of earth sciences. But because of the large 
amount of physics in the present general science tests, it would seem better 
if in place of the third year in biology another year of physics could be 
substituted. 

The outstanding feature of the training of teachers who teach biology 
only is their specialization in biology. The median length of preparation 
in biology for those teaching this subject and no other is about four times 
that in chemistry, and seven times that in physics or earth sciences. These 
teachers must have had a number of graduate courses in biology or have 
specialized narrowly in their undergraduate science preparation. Most of 
these teachers are women who have been long in the service. Possibly 
they have felt that the biology field is the only field of science open to 
them. 

In the biological and one other science group the median of biological 
training is twice that in chemistry, over four times that in physics, and 
about ten times that in earth sciences. In the biological and non-science 
group the median training in biology is four times that in chemistry or 
physics, and thirty times the median in earth sciences. In the other groups 
the ratio between preparation in the biological field and the other fields is 
not so great. The biological and non-science teachers as a group certainly 
are not prepared to understand the relation between biology and the other 
sciences. 

The range of preparation in biology is wide and, as expected, the quartile 
deviation is great. With such a range of preparation one would expect to 
find great variations in emphasis of subject matter. 

As a group the biology teachers have a median preparation of about four 
years in biology, two years in chemistry, one year in physics, and a half-year 
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in earth sciences. This specialization in one science is more characteristic 
of the biology teachers than of any of the other groups of science teachers. 

In every group of physics teachers the median preparation in physics is 
less than the median preparation in chemistry or biology. The median 
preparation in chemistry is the highest in every group. The group that 
teaches physics only has the highest median preparation in physics—only 
two years. The physics, other sciences, and non-science group had the 
lowest median preparation in physics—one year. In the summary of all 
physics teachers the median preparation in physics is one-half that in 
chemistry and two-thirds that in biology. 5 

In some cases no preparation in college physics is claimed. However, 
the data indicate that the minimum science preparation claimed by any 
physics teacher is three years. Such physics teachers must have had 
science training in the other fields and probably have been forced by their 
principals to take physics classes although they were not qualified. Physics 
classes under the instruction of people who are not trained in the field cer- 
tainly could not be expected to be on a par with classes under trained 
teachers. 

These data indicate that the median training of physics teachers is two 
and one-third years of biology, three years of chemistry, and but one and 
two-thirds years of physics. It is evident that these teachers did not pre- 
pare in college to teach physics in high schools, but rather prepared in 
chemistry and biology. 

In all groups of chemistry teachers the median preparation in chemistry 
is over three years, and is almost four years in four out of the six groups. 
This indicates graduate training for a large number of chemistry teachers 
and that, as in biology, we must prepare graduates whose interest is in the 
chemical field to take graduate courses in chemistry. 

The data indicate that chemistry teachers as a group do not have a top- 
heavy specialization in their particular field to the exclusion of the other 
fields of science. In but one group—chemistry only—is the median 
chemistry preparation twice that of the biology median. In all groups the 
median preparation in biology is two years or better. But comparison of 
the median in chemistry with that in physics shows the chemistry median 
to be from two times to over three times the physics median. 

The summary for all chemistry teachers indicates that the median train- 
ing for chemistry teachers is two and two-thirds years of biology, almost 
four years of chemistry, one and one-fourth years of physics, and less than a 
half year of earth sciences. 

It has been shown by the data in Tables IV and X that it is not feasible 
to prepare teachers of just one science. Tables XII to XV indicate that 
lack of training in a particular field of science will not prevent a teacher 
being assigned to teach in that field. Therefore, it is advisable for a teacher- 
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training institution to prepare a minimum requirement in the various 
phases of science. A study of the median training of the teachers in each 
field of science (last group in Tables XII to XV) indicates a need of almost 
three years each of biology and chemistry, more than a year of physics, and 
about two-thirds of a year of earth sciences. This is a very heavy load. 
It is the plan of this institution to require prospective science teachers to 
take two years in each of the fields of biology, physics, and chemistry, 
with two-thirds of a year in geology and astronomy. The students are 
urged to take a third year in the field of their major interest. This will 
enable them to pursue graduate work in the field of science in which they 
are most interested. 
Conclusions 


The results of this investigation indicate: 

1. Itis not desirable to prepare teachers of one science only. Beginning 
science teachers may expect to teach two or more subjects. About one- 
third of all science teachers are teaching a non-science subject as part of 
their load. 

2. Of the major sciences, general science is usually placed in the ninth 
year, biology in the tenth year, physics in the eleventh, and chemistry in 
the twelfth year. 

3. Asa rule general science and biology classes meet five periods a week 
while physics and chemistry classes meet six or seven periods a week. 
General science classes as a rule do not have laboratory work and ap- 
parently many biology classes have no definite laboratory periods. Physics 
and chemistry classes have definite laboratory periods. 

4, General science ranks first in number and size of classes, biology is 
second, chemistry third, and physicsfourth. Botany, zodlogy, hygiene, phy- 
siology, household chemistry, and physiography classes are few in number. 

5. There are approximately two male science teachers to one female 
science teacher. One-third of all the male teachers in the junior and 
senior high schools teach science as part of their load. Female science 
teachers are most numerous in the biology field. 

6. Biology teachers tend to specialize in biology and neglect the other 
sciences. Physics teachers as a group have less college preparation in 
physics than in chemistry and biology. 

7. The desirable minimum science training for beginning science teach- 
ers should include two years each in biology, physics, and chemistry, with a 
course in geology and in astronomy. More work is desirable in the science 
field of major interest. 
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Taste in water. We usually think of water as having neither taste nor odor. 
However, the water supply industry must nowadays think quite as much of odor and 
taste as of bacterial control, color, and turbidity.... 

The prevention and removal of tastes and odors in water, and the provision of 
water in which tastes and odors will not occur, present more incompletely solved prob- 
lems than any other phase of water purification. The latter step, which is more funda- 
mental, is accomplished through stopping the pollution of potable waters by guilty in- 
dustrial effluents and other wastes, and through killing guilty organic growths by adding 
chemicals such as copper sulfate or chlorine. : 

When further treatment is found necessary, removal of tastes and odors is accom- 
plished by aeration, with incidental filtration, by adding certain chemical reagents, or 
by using adsorbent materials, especially activated charcoal. Aeration provides an op- 
portunity for dissolved taste-causing gases to escape and for some oxidation of dissolved 
substances; its chief advantage is its low cost. Potassium permanganate also is some- 
times used to oxidize ill-tasting substances. So far as we are aware no attempt has been 
made in any installation to cover residual tastes with traces of pleasant tasting substances. 

Waters containing the carbolic wastes of coke and charcoal plants when treated 
with chlorine develop a strong medicinal taste. An obvious means of preventing this 
off-taste is the recovery of carbolic substances from waste water, as demanded by the 
Interstate Stream Conservation Agreement of 1924. In some areas such tastes remain 
an important problem and must be eliminated if a palatable water is required. 

The addition of lime to water before sterilizing chlorine is added has been adopted 
to a slight extent to prevent this medicinal taste. Much more important is ammo- 
niation of the water before chlorination. The chlorine then combines with the am- 
monia to form “‘chloramines” instead of combining in such large part with the carbolic 
substances to form strong medicinal tastes. This treatment ordinarily not only pre- 
vents these medicinal tastes, but also prevents even a chlorine taste. Although chlor- 
amines do not kill germs as rapidly as does chlorine, their action continues for a much 
longer period. This maintained action keeps the water mains free from organic growth 

Only tastes produced by chlorine may be prevented by the chloramine treatment. 
A method useful not only in removing chlorine-caused tastes but also in removing certain 
organic tastes is the treatment of water with excess amounts of chlorine followed by the 
removal of unused chlorine. Such dechlorination is accomplished by sulfur dioxide at 
Toronto, where the method was introduced. Related salts are being tried to make 
the operation of this process suitable for smaller cities. 

Apparently the most efficacious of all means of providing a water free from bad 
tastes and odors is the use of activated charcoal. This has remarkable properties of 

adsorption which removes from water tastes and odors of practically all kinds.... 
The recently introduced method of injecting finely powdered activated charcoal into 
water prior to filtering has proved quite successful in cases where tastes were not so 
excessive as to require more than minute quantities of charcoal. In such cases no trouble 
is occasioned in filtering, and costs are low. Furthermore, waters containing excessive 
tastes or large quantities of organic matter may be treated chemically and then be 
purified further by adding activated charcoal.—Ind. Bull., A. D. Little, Inc. 
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TITLES FOR A CHEMICAL LABEL BOOK 
This list is that referred to at the top of page 2443 of the December, 


It is recommended by the Committee on Labels 


of the Division of Chemical Education for use in introductory courses jn 
general, inorganic, organic, and analytical chemistry in high schools and 
colleges. 


to 


The following rules guided the committee in its choice of label titles: 


The formulas of hydrates shall be indicated by writing H:O in parentheses using 
a subscript indicating the number of molecules of water if more than one. No 
other mark of any kind is to be used to separate H2O from the rest of the formula, 
The names of ali acid salts shall include the word “hydrogen” and a prefix indi- 
cating the number of atoms of hydrogen if the negative radical has a valence of 3 
or more. For example—NaHCoO; should be called sodium hydrogen carbonate; 
while NaH,PO, should be sodium dihydrogen phosphate. 

The endings ic and ous shall generally be used in naming metals with variable 
valence with the exception of the members of the nitrogen family. 

The terms ‘‘peroxide’’ and ‘dioxide’ shall distinguish sharply between oxides 


4. 
related to hydrogen peroxide and those that are not. 
5. Alcohols shall have names ending in ol, such as methanol. 
6. Names of compounds containing two or more metals such as the alums shall be 
listed under that metal coming first in the alphabet. 
7. “Di” shall be used in preference to ‘‘bi’”’, e. g., sodium dichromate, lead dioxide. 
8. 


It was thought best not to give synonyms for the chemical names as chemists 
differed a great deal in what they thought was the desirable synonym. 


* means that an additional label is to be printed, omitting the water of hydration. 


This label is for the solution of the salt. 


particular label. 


Acetanilide 
Acetic acid HC.H;0. 


Acetic acid, glacial HC:H;O, 


The number in parentheses after a formula indicates the number of copies of that 
There need be but one copy each of all others. 
Joun M. MIcHENER, Chairman 
Wichita High School East, Wichita, Kansas 


*Aluminum sulfate Al.(SO4)3(H20):s 
Ammonium acetate NH,C2H;0. (2) 
Ammonium carbonate (NHy,)2CO; (2) 
Ammonium chloride NH,Cl (2) 


CsHsNHCOCH; 


CH;CO:H 


CH;CO.H Ammonium dichromate (NH,)2Cr20; (2) 
Acetic anhydride (CH;CO).O Ammonium hydroxide NH,OH (10) 
Acetone CH;COCH; Ammonium molybdate (NH,)2Mo0, 


Acetyl chloride 
Albumin, egg 
Alizarin CsH.(CO)2CsH2(OH)> 
‘‘Aluminon’”’ 

Aluminum Al (4) 
*Aluminum acetate, basic 


*Aluminum chloride 


and HNO; 
Ammonium monohydrogen phosphate 
(NH,)sHPO, (2) 
Ammonium nitrate NH NO; (2) 
*Ammonium oxalate (NH4)2C:0.(H20) 
Ammonium polysulfide (NH,)2S- 
Ammonium sulfate (NH;)2SO, (2) 
Ammonium sulfide (NH,)2S 


CH;COCI 


Al(C:H302)2OH(H20)z 
AICI;(H20)¢ 


Aluminum chloride, anhyd. AICI; 

*Aluminum nitrate Al(NO;)3(H2O)> 

*Aluminum potassium sulfate 
Al(SOx)s*K2SO4(H20) 2 

Aluminum sodium sulfate 
Alz(SOx)s*Na2SO4(H2O) 2 

Aluminum sodium sulfate 
Alz(SO4)3-Na2SO, (2) 


Ammonium thiocyanate NHiCNS (2) 
Amy] alcohol, tech. C;Hn1OH 
Amylene C;Hio 

Aniline C;H;NH2 

Anthracene CsH,(CH)2CeH, 
Antimony Sb 


Antimony trichloride SbCl; 


Antimony trioxide Sb2.O; 
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*Antimonyl! potassium tartrate 
[(SbO)K C4H10e ]2(H20) 
Arsenic As 
Arsenic trichloride AsCl; 
Arsenic trioxide AsO; 
Asbestos 
*Barium chloride BaCl,(H20). 
*Barium hydroxide Ba(OH)2(H2O)s 
Barium nitrate Ba(NOs)2 (2) 
Barium peroxide BaQO, 
Barium sulfate BaSO, 
Benedict solution 
Benzene CeHe 
Benzoic acid CsH;CO.H 
Bismuth Bi 
Bismuth chloride BiCl; 
*Bismuth nitrate Bi(NOs)3(H2O); 
Bleaching powder 
Boric acid H;BO; (2) 
Bromine Br2 
Bromine in carbon tetrachloride 
Bre in CCl, 
Bromine water Br2 in H,O 
Cadmium Cd 
*Cadmium chloride CdCi.(H2O). 
*Cadmium nitrate Cd(NOs3)2(H20), 
*Cadmium sulfate (CdSO,)3(H2O)s 
Calcium Ca 
Calcium carbide CaC, 
Calcium carbonate CaCO; (4) 
*Calcium chloride CaClo(H20). 
Calcium chloride, anhyd. CaCl. 
Calcium fluoride CaF: 
*Calcium hydrogen phosphate 
CaH,(PO,)2(H2O) 
Calcium hydroxide Ca(OH). (2) 
*Calcium nitrate Ca(NOs3)2(H2O). 
Calcium oxide CaO 
Calcium phosphate Ca;(POx,)2 
Calcium sulfate (gypsum) 
CaSO,(H20)2 
Calcium sulfate (plaster of Paris) 
(CaSO,)2(H20) 
Carbon, decolorizing C 
Carbon disulfide CS, 
Carbon tetrachloride CC 
Charcoal, animal C and Ca;(PO,)s 
Charcoal, wood (4) 
Chlorine water Cl, in H:O 
Chloroacetic acid CH2CICO.H 
Chloroform CHCl; 
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*Chromic chloride CrCl;(H2O). 
*Chromic nitrate Cr(NOs3)3(H2O)>s 
Chromic oxide Cr.0O3 
*Chromic potassium sulfate 
Cr2(SOx)s"K2SO«(H2O) 24 
Chromic sulfate Cre(SOx)s 
Chromic trioxide CrO; 
*Citric acid 
(CO2HCH2)2C(OH)CO2H(H20) 
Cleaning solution (10) 
Cloth, cotton (3) 
Cloth, wool 
Coal, anthracite 
Coal, bituminous 
Cobalt Co 
*Cobalt chloride CoCl.(H20). 
*Cobalt nitrate Co(NO3;)2(H2O). 
Cochineal 
Collodion 
Congo Red 
Copper Cu (4) 
*Cupric acetate Cu(C2H;02)2(H20) 
Cupric bromide CuBr, 
Cupric carbonate, basic CuCO;Cu(OH): 
*Cupric chloride CuCl.(H:O). 
*Cupric nitrate Cu(NO;)2(H20)s. 
Cupric oxide CuO (4) 
*Cupric sulfate CuSO,.(H20); 
Cuprous chloride CuCl 
Dextrin (CsH00s)z 
Dextrose (glucose) CsHi20¢ (2) 
Dimethylglyoxime (CH;)2C2(NOH)s 
Ethanol (ethyl alcohol) C:H;OH + aq. 
Ethanol (ethyl alcohol), absolute 
C,H;OH 
Ethanol (ethyl alcohol), denatured 
C.H;OH 
Ethyl acetate CH;CO.C.H; 
Ethyl bromide C.H;Br 
Ethyl ether (C2Hs)20 
Fehling solution ‘‘A”’ 
Fehling solution “B”’ 
Ferric ammonium citrate 
*Ferric ammonium sulfate 
Fez (SOx)s° (N H,)2SO4(H20) 2 
*Ferric chloride FeCl;(H2O)s. 
*Ferric nitrate Fe(NO;)3;(H2O)> 
Ferric oxide Fe:0; 
*Ferrous ammonium sulfate 
FeSOy (NH) 250,4(H20)s 
*Ferrous chloride FeCl.(H20), 
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*Ferrous sulfate FeSO,.(H20); 
Ferrous sulfide FeS 
Formaldehyde HCHO 

Formic acid HCO.H 

Fuchsin 

Gasoline 

Gelatin 

Glass Wool 

Glycerol C;H;(OH)s 

Graphite C 

Hydriodic acid HI 

Hydrobromic acid HBr 
Hydrochloric acid, conc. HCl (5) 
Hydrochloric acid, dil. HCl (5) 
Hydrogen peroxide, 3% H:2O> 
Hydroxylamine hydrochloride 
NH:OH-HC1 

Indigo CsHs,CONHC:CCONHCeH, 
Iodine I, (2) 


Iodine in KI solution I, and KI 
Iodoform CHI; 

Iron Fe (5) 

Iron disulfide (pyrite) FeS, 
Kaolin 

Kerosene 

Lard 

Lead Pb (4) 


*Lead acetate Pb(C2H;02)2(H2O)s 

Lead carbonate, basic (PbCO;)2Pb(OH)2 

Lead dioxide PbO, 

Lead monoxide (litharge) PbO 

Lead nitrate Pb(NOs)2 

Lead tetroxide (minium) Pb;O, 

Lithium chloride “LiCl (2) 

*Lithium nitrate LiNO;(H20); 

Litmus, Blue 

Litmus paper, Blue 

Litmus, Red 

Litmus paper, Red 

Logwood 

Magnesia mixture MgCl, and NH,CI in 
NH,OH 

Magnesium Mg (4) 

*Magnesium carbonate MgCO;(H.0); 

Magnesium carbonate, basic 
(MgCOs;)4Mg(OH)2(H20)s 

*Magnesium chloride MgCl,(H20). 

*Magnesium nitrate Mg(NO;)2(H2O). 

Magnesium oxide MgO 

*Magnesium sulfate MgSO,(H:0); 

Magnesium sulfate, anhyd. MgSO, 
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Malachite green 

Manganese dioxide MnO, 

*Manganous chloride MnCl.(H,0), 

*Manganous nitrate Mn(NO;)2(H:0), 

*Manganous sulfate MnS0O,(H;0), 

Manganous sulfate and Phosphoric acid 
MnSO, and H3PO,4 

Mercuric chloride HgCl, (2) 

*Mercuric nitrate Hg(NOs)2(H:0). 

Mercuric oxide HgO 

*Mercurous nitrate HgNO;(N.0) 

Mercury Hg 

Methanol (methyl alcohol) 

Methyl orange 

Methyl violet 

Methylene blue 

Millon solution 

Naphthalene CioHs 

Naphthol, alpha Ci:oH;OH 

Naphthol, beta CioH;OH 

Naphthylamine, alpha CioH;NH2 

Nessler solution K2(HglI,) 

Nickel Ni 

*Nickel chloride NiCl.(H2O). 

*Nickel nitrate Ni(NOs)2(H2O)6¢ 

*Nickel sulfate NiSO,(H2O), 

Nitric acid, conc. HNO; (5) 

Nitric acid, dil. HNO; (5) 

Nitric acid, fuming HNO; and NO, (6) 

Nitroso-8-naphthol, alpha C;9H«(NO)(OH) 

Oil, cottonseed 


CH;OH 


Oil, linseed 

*Oxalic acid H2C20.(H20)2 
(CO:H)2(H20)s 

Paraffin 


Perchloric acid HCIO, 

Phenol C.H;OH 

Phenolphthalein 

Phosphoric acid, ortho HPO, (5) 
Phosphorus, yellow P 
Phosphorus, red P 

Phosphorus pentachloride PCl; 
Phosphorus pentoxide P20; 
Phosphorus trichloride PCI; 
Phthalic anhydride CsH;(CO)20 
Picric acid HOCsH2(NOsz)s 
Potassium K 

Potassium bromide KBr (2) 
*Potassium carbonate (K2COs)2(H:0)s 
Potassium carbonate, anhyd. K2CO; 
Potassium chlorate KCIO; (3) 











Po 


Pot 
Pot 


Pot 
Pot 


Pot 
Pot 
*Pc 
Pot 
Pot 
*Po 


Pot 
Pot 


Sodi 


Sodir 
Sodi 





acid 


O)s 
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Potassium chloride KCI (38) 

Potassium chromate K2CrO, (2) 
Potassium cyanide KCN (2) 
Potassium dichromate K2Cr,0; (2) 
Potassium ferricyanide K;Fe(CN). (2) 
*Potassium ferrocyanide 

KiFe(CN)s(H20); 

Potassium hydrogen sulfate KHSO, (3) 
Potassium hydrogen sulfite KHSO; (2) 


Potassium hydrogen tartrate KHC,H.O¢ 
(2) 
Potassium hydroxide KOH (10) 
Potassium hydroxide in alcohol 
KOH in C,:H;OH 


Potassium iodide KI (2) 

Potassium iodide-starch KI and starch 
(3) 

Potassium nitrate KNO; (2) 

Potassium nitrite KNO, (2) 

*Potassium oxalate K2C,0.(H2O) 

Potassium perchlorate KCIO, (2) 

Potassium permanganate KMnO, (2) 

*Potassium sodium tartrate 
KNaC,H,0,(H20). 

Potassium sulfate KeSO, (2) 

Potassium thiocyanate KCNS (2) 

Pyrogallol (Pyrogallic acid) CsH3;(OH); 

Resorcinol CsH,(OH)2 

Rose’s metal 

Salicylic acid HOC;H,CO.H 

Sand SiO, 

Schiff reagent 

Silver Ag 

Silver nitrate AgNO; (2) 

Silver sulfate AgeSO, (2) 

Soap 

Soda lime NaOH and Ca(OH). 

Sodium Na 

*Sodium acetate NaC2H;0:(H:20O)s 

Sodium acetate, anhyd. NaC;H;0. 

‘Sodium ammonium hydrogen phosphate 
NaNH.HPO,(H20), 

Sodium benzoate CsH;CO.Na 

Sodium bromide NaBr 

‘Sodium carbonate NazCO3(H20)10 

Sodium carbonate Na,CO;(H20) 

Sodium carbonate, anhyd. NasCO; 

Sodium chlorate NaClO; (3) 

Sodium chloride NaCl (3) 

Sodium chloride (rock salt) NaCl 

‘Sodium chromate NaCrO,(H2O)10 
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Sodium cobaltic nitrite NasCo(NOs:)« 

Sodium cyanide NaCN (2) 

*Sodium dichromate NaeCr20;(H20). 

*Sodium dihydrogen phosphate 
NaH2PO,(H20) 

Sodium fluoride NaF 

Sodium formate HCO.Na 

Sodium hydrogen carbonate NaHCO; 

Sodium hydrogen sulfate NaHSO, (2) 

Sodium hydrogen sulfite NaHSO; (2) 

Sodium hydroxide NaOH (10) 

Sodium hypochlorite NaOCl 

Sodium iodide NaI (2) 

*Sodium monohydrogen phosphate 
Na2HPO,(H:20)12 

Sodium nitrate NaNO; (2) 

Sodium nitrite NaNO, (2) 

*Sodium nitroprusside 
NazFe(CN);NO(H20). 

Sodium peroxide Na.O» 

*Sodium phosphate NasPO,(H2O),. 

Sodium silicate (water glass) 
Naz0:(SiO2)z x = 2to4 

*Sodium sulfate NazSO.(H2O)10 

Sodium sulfate, anhyd. NaSO, 

*Sodium sulfide Na,S(H2O), 

Sodium sulfite Na2SO; (2) 

*Sodium tetraborate (borax) 
Naz2B,07(H20)10 

Sodium thiocyanate NaCNS (2) 

*Sodium thiosulfate Na2S.03;(H2O); 

*Stannous chloride SnCl.(H:O). 

Starch (CsHi00;)2 (2) 

Steel wool Fe 

Strontium nitrate Sr(NO;). (2) 

Succinic acid HO.,CCH,CH:CO.H 

Sucrose CyH2On (2) 

*Sulfanilic acid NH»2CsHsSO;H(H.O) 

Sulfur, flowers, S 

Sulfur, roll S 

Sulfuric acid, conc. HsSO, (5) 

Sulfuric acid, dil. H»SO, (5) 

Sulfuric acid, fuming H2,SO,and SO; (5) 

Tannic acid Cy.Hi9O, 

Tartaric acid H2CsH,O¢ 

[CH(OH)CO2H |p 

Tin Sn (3) 

Tollen solution “A” 

Tollen solution ‘‘B”’ 

Toluene CsH;CH; 

Toluidine, para CH;CsHsNH:2 
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Turmeric *Zine nitrate Zn(NOs)2(H2O), 
Turpentine CyoHie Zinc oxide ZnO 

Urea (NH2)2CO *Zinc sulfate ZnSO,(H2O); 
Vaseline Several small labels each of: 
Wood’s metal 1 Normal 

Wood splints 2 Normal 

Wool 3 Normal 

Zinc Zn (2) 6 Normal 

Zinc, c.P. Zn (2) 12 Normal 

*Zinc acetate Zn(C2H302)2(H2O)s; 15 Normal 

Zine carbonate ZnCO; 16 Normal 

Zinc chloride, anhyd. ZnCl: 36 Normal 


Chemical study of hormones may lead to new medicines. How research on the 
chemistry of the hormones, important glandular products of the body, may lead to the 
synthesis of new medicinal products of practical utility was indicated by Prof. Treat B. 
Johnson of Yale University at the recent meeting in New Haven of the National Academy 
of Sciences. 

Prof. Johnson described his own work along this line with the hormone epinephrin 
which is secreted by the adrenal glands. 

He and his associates started with epinephrin and certain chemically related com- 
pounds which occur naturally. By modifying the structure of these compounds, they 
were able to produce new combinations which had as much physiological potency as the 
original unmodified compounds and which were less poisonous. 

Prof. Johnson’s research was undertaken in the hope of opening the way to a better 
understanding of how certain combinations of carbon, oxygen, hydrogen, nitrogen, and 
sulfur affect body processes. At the present time, pharmacologists and physicians must 
depend too much on the trial-and-error method of determining how such compounds will 
affect the body, Prof. Johnson pointed out. 

His plan is to synthesize a series of related organic structures and to make a com- 
parative study of their influence on physiological action. In this way he expects to 
learn something of the fundamental laws coérdinating organic structure with physiolog- 
ical activity and to establish principles which may guide the chemist in his study of the 
new synthetic drugs and enable him to predict which ones will have a favorable effect 
on body processes.— Science Service 

Stone age men made tools of crystal. Rock crystal, now used as a semi-precious 
stone, took the place of high-grade steel with the men of the Old Stone Age. They did 
not make many of their tools and weapons of it, but they apparently valued it and used 
it when they could. 

At the recent meeting of the National Academy of Sciences in New Haven, Prof. 
George Grant MacCurdy of the Peabody Museum, Yale University, told of seven rock- 
crystal tools all found at the same level in one cave in France by the expedition of the 
American School of Prehistoric Research. The tools were of the type known as Mous- 
terian, used by Neanderthal man at one stage of his development. 

The rock-crystal tools found by Prof. MacCurdy’s associates are among the oldest 
of their kind, for Neanderthal man was the earliest race to make implements from this 
material. Though there are older Stone Age tools in plenty, their makers, whoever 
they were, were not masters of the art of working the hard and obdurate rock crystal, 
and contented themselves with flint and other “plain” stones.—Science Service 
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POSITIONS OPEN IN VARIOUS COLLEGES AND UNIVERSITIES 
TO GRADUATE STUDENTS MAJORING IN CHEMISTRY 


For several years the JOURNAL OF CHEMICAL EpuCcATION has published * 
a list of various Fellowships, Scholarships, and Part-Time Assistantships 
open for the ensuing academic year to graduate students majoring in 
chemistry in different colleges and universities. This present list, com- 
piled in the editorial office of THis JOURNAL, continues that custom. 

The Fellowships, Scholarships, and Assistantships listed below are for 
the academic year 1932-33. It is possible here to give only a very brief 
statement concerning these positions. Further details as well as applica- 
tion blanks may be obtained from the persons designated. In general, it 
may be stated that candidates for these positions must file their applica- 
tions not later than February 15, 1932. The colleges and universities 
are alphabetically arranged. 

The editorial office would appreciate being advised of any errors or 
omissions in this present compilation. 


Agricultural and Mechanical College of Texas, College Station, Tex.—4 Graduate 
Fellowships ($600 and exemption from tuition but not laboratory fees) in cottonseed 
oil mill operations. Work leads to M.S. degree in Ch.E. Address inquiries to C. C. 
Hepces, Vice-Dean, School of Engineering. 

Baylor University, Waco, Tex.—5 part-time Assistantships ($120 without re- 
mission of tuition of $180); eight hours’ service required weekly in laboratory assisting 
and notebook grading. Address inquiries to W. T. Goocu. 

Boston College, Chestnut Hill, Mass.—4 Fellowships ($600 with exemption from 
tuition, laboratory, and breakage fees) restricted to candidates for M.S. degree. Nine 
hours’ laboratory supervision required. Address inquiries to REv. JoSEPH J. SULLIVAN, 
S.J. 

Brown University, Providence, R. I.—10 University Fellowships ($550-1000); 
10 scholarships (stipend covering tuition). Holders of Fellowships who report for 
duty on August Ist are not required to pay tuition. 8 Graduate Assistantships ($750 
and exemption from tuition), approximately 4 are vacant each year. Address in- 
quiries to CHARLES A. KRAUS. 

Bryn Mawr College, Bryn Mawr, Penna.—Helen Schaeffer Huff Memorial Re- 
search Fellowship (physics or chemistry) ($1200); 1 Fellowship ($860); 1 Graduate 
Scholarship ($400). No exemption from tuition ($250). Occasional proctoring and 
library supervision required of Fellows; Fellows not allowed to teach. Address in- 
quiries to DEAN EUNICE MorGAN SCHENCK or J. L. CRENSHAW. 

Bucknell University, Lewisburg, Penna—1 Fellowship (chemical engineering) 
($500 plus tuition of $300); approximately 10 hours of laboratory supervision and 
correction of reports. 1 Scholarship (chemical engineering) ($300); approximately 
5 hours of laboratory supervision and correction of reports. Address inquiries to 
S. C. OcBuRN, JR. 

California Institute of Technology, Pasadena, Calif—6 Graduate Assistantships 
($700); 6 Teaching Fellowships ($800 or $900); 1 du Pont Fellowship ($750); 3 Ap- 
plied Chemistry Assistantships ($750). The tuition ($180) must be paid until the 
holder has been accepted as a candidate for the Ph.D. degree, after which only part 





* J. Cuem. Epuc., 4, 96-8 (Jan., 1927); 5, 338-42 (Mar., 1928); 6, 109-14 (Jan., 
1929); 7, 389-97 (Feb., 1930); 8, 358-66 (Feb., 1931). 
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tuition ($90) must be paid. The amounts named are subject to modification, Ad. 
dress inquiries to R. C. TOLMAN. 

Case School of Applied Science, Cleveland, Ohio.—1 du Pont Scholarship ($500); 
4 Drury Fellowships ($750); 1 Teaching Fellowship ($300 plus tuition and fees amount. 
ing to $350). Six hours per week of laboratory supervision required of teaching Fellows, 
Above Scholarships and Fellowships open to advanced students of chemical engineering, 
Address inquiries to PRESIDENT W. E. WICKENDEN. 

‘The Catholic University of America, Washington, D. C.—25 competitive Knights 
of Columbus Scholarships (including board, lodging, and tuition), for which graduate 
students in chemistry are eligible. Address inquiries to RICHARD J. PURCELL, Genera] 
Secretary. 

Clark University, Worcester, Mass.—Several Scholarships for first-year graduate 
students ($200-400) Fellowships for second-, third-, and fourth-year graduate students 
($200-600); 4 part-time Assistantships ($100-150). No exemption from tuition 
($200). Assistant may also hold Scholarship or Fellowship. Address inquiries to 
C. E. MELVILLE, Registrar. 

Colorado College, Colorado Springs, Colo.—Half-Time Instructorship ($700 and 
exemption from tuition and laboratory fees but not from breakage fees). In charge 
of laboratory and demonstration apparatus in general chemistry. Address inquiries to 
FRANK W. DOoUuGLAS. 

Columbia University, New York City.—Various Fellowships ($750-1800) and 
Scholarships ($300). These Fellowships and Scholarships do not involve any teaching 
duties. Address inquiries to SECRETARY OF COLUMBIA UNIVERSITY. 

There are also a number of Assistantships ($500-1000). Address inquiries to 
H. C. SHERMAN. 

Cornell University, Ithaca, N. Y.—2 Fellowships ($400-750 and exemption from 
tuition and laboratory fees); 52 Assistantships ($500-675 and exemption from fees). 
Address inquiries to L. M. DENNIS. 

Duke University, Durham, N. C.—3 University Fellowships ($600-800); 5 In- 
dustrial Fellowships ($750); 7 Assistantships ($300-600). Address inquiries to PAuL 
Gross. 

The George Washington University, Washington, D. C.—4 Thomas Bradford 
Sanders Fellowships ($600 with exemption from tuition). Address inquiries to the 
REGISTRAR. 

Harvard University, Cambridge, Mass.—Several Scholarships ($400-750). Ad- 
dress inquiries to L.S. Mayo, Assistant Dean of the Graduate School of Arts and Science. 

A number of half-time Laboratory Assistantships ($850). Holders of such posi- 
tions must pay a tuition fee of $200 besides fees for breakage and certain materials. 
A number of Scholarships ranging from $400 (tuition) to $750. No duties. Full- 
time study required. Address inquiries to HENRY E. BENT. 

Holy Cross College, Worcester, Mass.—6 Fellowships ($1000 and exemption from 
tuition). Maximum of nine hours per week required instructing in either general or 
inorganic chemistry. Address inquiries to REv. GEORGE F. STROHAVER, S.J. 

Indiana University, Bloomington, Ind.—Special Fellowships ($1000-1200), mini- 
mum requirement, Ph.D. degree or equivalent; 1 Fellowship ($600); several part-time 
Assistantships ($400-750); 2 Grasselli Chemical Company Scholarships ($350); 1 
Wolff Coal Saver Co. Fellowship ($500). Address inquiries to R. E. Lyons. 

The Institute of Paper Chemistry, Appleton, Wis.—16 Industrial Scholarships and 
3 Student Research Fellowships [$700 average without remission of (1) tuition of $200 
and (2) additional laboratory and matriculation fees]. 

Students on the Student Research Fellowships do their thesis research on problems 
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outlined by the represented company. Those on the Scholarships carry on work on 
problems assigned by the Institute staff. 

The full course of the Institute, leading to the Ph.D. degree, requires four years 
of graduate work, the master of science degree being given only to students who have 
put in two years’ residence at the Institute, and whose scholarship attainment warrants 
that honor. Address inquiries to Harry F. Lewis, Dean of Students. 

Iowa State College, Ames, Iowa.—2 Scholarships ($270); 1 Teaching Fellowship 
($540); 11 Graduate Assistantships ($600 or $700); 5 Research Fellowships ($600 or 
$720). Address inquiries to W. F. Coover. 

The Johns Hopkins University, Baltimore, Md.—The William H. Grafflin Scholar- 
ship ($1000 with exemption from tuition unless student is a candidate for a degree) for 
independent research in industrial chemistry. Appointment made for two years. 
The Harry Clary Jones Fellowship in physical chemistry ($1000 with no exemption 
from tuition or other fees). 1 du Pont Fellowship ($750). Address inquiries to E. 
EmMET REID. 

10 to 12 Assistantships ($700 without remission of tuition or fees). Ten hours’ 
work required in undergraduate instruction. Address inquiries to D. H. ANDREWs. 

8 or 10 University Scholarships ($200-300). Address inquiries to the REGISTRAR. 

Kansas State College, Manhattan, Kans.—Several Graduate Assistantships (at 
approximately $600). Address inquiries to H. H. Kine. 

Lafayette College, Easton, Penna.—1 Research Fellowship ($500); 1 Research 
Associate ($2500-3500) for investigation of problems connected with plasticity, elas- 
ticity, and fluidity. Address inquiries to EUGENE C. BINGHAM. 

Lehigh University, Bethlehem, Penna.—Fellowships giving half-time to research 
and half-time to graduate study, with exemption from laboratory and other university 
fees: New Jersey Zinc Co. Research Fellowship ($600); Archer-Daniels-Midland Co. 
and William O. Goodrich Co.: 4 Fellowships ($900) for research in linseed oil and 
other drying oils; H. M. Byllesby Memorial Research Fellowship ($750); Hunt & 
Rankin Leather Co., 2 Research Fellowships ($900); Eavenson & Levering Co., Re- 
search Fellowship in wool ($750); Lehigh Institute of Research, 2 Fellowships ($600); 
2 Student Research Fellowships ($750) open only to Lehigh graduates. Foregoing all 
two-year appointments. Address inquiries to H. M. ULLMANN. 

Louisiana State University, Baton Rouge, La.—2 Scholarships ($135), work in 
stockroom; 10 Fellowships ($450), 10 hours of laboratory supervision required; 1 
Graduate Scholarship ($360), 10 hours of laboratory supervision required; 2 Assistant- 
ships ($900), 16 hours of laboratory supervision required. Fellows and Assistants are 
exempt from tuition and certain university fees. Address inquiries to CHARLES E. 
Coates, Dean, College of Pure & Applied Science. 

Massachusetts Agricultural College, Amherst, Mass.—4 Graduate Assistantships 
($60 per month for ten months), half-time, assisting in laboratory courses required; 
1 Laboratory Assistantship ($1200). All fees remitted. Address inquiries to JosEPH 
S. CHAMBERLAIN. 

Massachusetts Institute of Technology, Cambridge, Mass.—12 full-time and 
half-time Assistantships in the various branches of chemistry. Allotments of funds 

to applicants furnishing evidence of superior scholarship. The dean’s committee had 
an allotment of funds available for 1931-32 to assist students of excellent record in 
pursuing graduate work. In addition there are eleven Fellowships. Address inquiries 
to FREDERICK G. KEYES. 

Michigan State College, East Lansing, Mich.—14 half-time Graduate Assistant- 
ships ($800), 4 in physical, 3 in organic, 2 in metallurgy, 3 in biochemistry, and 1 in 
analytical. Address inquiries to ARTHUR J. CLARK. 
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Middlebury College, Middlebury, Vt.—1 Graduate Fellowship ($750 and exemp- 
tion from tuition, laboratory, and breakage fees). Half-time required in laboratory 
supervision of general chemistry and qualitative analysis. Address inquiries to Pp. 
CONANT VOTER. 

Mills College, Oakland, Calif—12 Trustee Fellowships (expenses of residence and 
tuition) open for study in any department. 1 Amelia Anne Pease Fellowship ($500); 
1 James Peironnet Pierce Fellowship ($500); 2 Graduate Scholarships (expenses of 
tuition only); all open for study in any department. Fellows are expected to devote 
some time to assisting in their respective departments. Address inquiries to Secretary 
OF THE COMMITTEE ON FELLOWSHIPS. 

Missouri School of Mines and Metallurgy, Rolla, Mo.—4 Graduate Assistantships 
($600 and exemption from laboratory fees). The graduate assistant is limited to two- 
thirds of a full-time schedule per semester toward a master’s degree. Address inquiries 
to the DEPARTMENT OF CHEMISTRY. 

New York University, New York City, at University Heights (Nichols Laboratory) — 
Several Junior Teaching Fellowships ($600 with exemption from fees for three graduate 
courses); several Senior Teaching Fellowships ($800 with similar exemption). About 
eight new appointments yearly. Address inquiries to ARTHUR E. HIxv. 

At Washington Square College-——Several Junior Teaching Fellowships ($800 with 
exemption from three full courses in the Graduate School); several Senior Teaching 
Fellowships ($1000 with exemption as above); about fifteen new appointments yearly. 
Address inquiries to W. C. MacTavisa. 

Northwestern University, Evanston, Ill—20 Graduate Assistantships ($800-1200); 
7 Research Fellowships at ($750-900); graduate tuition depends upon the number of 
semester hours of credit carried but does not exceed $150 per year in any case, research 
chemicals are supplied, charges made for breakage. Address inquiries to CHAIRMAN, 
DEPARTMENT OF CHEMISTRY. 

Oberlin College, Oberlin, Ohio—Several Oberlin College Fellowships ($500 and 
exemption from tuition and fees); 1 Graduate Assistantship ($750 with similar exemp- 
tion); 2 Scholarships calling for exemption from tuition and fees. Address inquiries 
to Harry N. Hotes. 

The Ohio State University, Columbus, Ohio.—13 part-time Assistantships ($1000); 
36 Graduate Assistantships ($500); a variable number of University Fellowships ($500) 
and Scholarships ($300). Address inquiries to W. L. Evans. 

1 special Fellowship ($750). Address inquiries to GRADUATE SCHOOL. 

All of the above carry exemption from fees (except matriculation and diploma 
fees of $10 each) and cost of chemicals. 

Oklahoma Agricultural and Mechanical College, Stillwater, Okla—5 Graduate 
Assistantships ($500 first year and $600 the second year with exemption from tuition 
and chemical fees). Address inquiries to O. M. SmirH. 

The Pennsylvania State College, State College, Penna.—6 Graduate Assistant- 
ships ($800 and exemption from tuition and laboratory fees); 20 Graduate Scholar- 
ships which carry exemption from tuition and laboratory fees; 6 Research Fellowships 

requiring no service ($800 to $1500 and exemption from tuition and laboratory fees). 
Address inquiries to FRANK C. WHITMORE. 

Princeton University, Princeton, N. J.—13 part-time Assistantships ($650 net 
income), of which one-third to one-half become available each year. Two hours’ 
classroom teaching and supervision of two three-hour laboratory periods per week 
required of all Assistants. Address inquiries to N. H. FurRMAN, Secretary, Department 
of Chemistrv. 
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Harvard Fellowship ($800 and remission of tuition); du Pont Fellowship ($800 
and remission of tuition); Albert Plaut Fellowship ($1000 and remission of tuition). 
Address inquiries to AUGUSTUS TROWBRIDGE, Dean of the Graduate School. 

Purdue University, Lafayette, Ind.—5-8 Teaching Fellowships ($800 plus labora- 
tory fees and breakage). Preference to men with master’s degree or at least one year 
of graduate work. Address inquiries to A. R. MippLETON. 

Rensselaer Polytechnic Institute, Troy, N. Y.—12 Fellowships ($600 and exemp- 
tion from tuition and all other fees); several Scholarships ($300). No teaching re- 
quired. Address inquiries to THE Director. 

Rhode Island State College, Kingston, R. I—6 Undergraduate Assistantships 
($100 without exemption from fees). Holders required to assist in laboratory and to 
correct notebooks and papers to an extent of approximately 200 hours. Address in- 
quiries to J. W. INCE. 

Rice Institute, Houston, Tex.—7 Graduate Fellowships ($750 and exemption from 
all fees). Six hours of laboratory teaching per week required. Address inquiries to 
Harry B. WEISER. 

Rutgers University, New Brunswick, N. J.—7 full-time Assistantships ($1000). 
Address inquiries to W. T. READ. 

St. Louis University School of Medicine, St. Louis, Mo.—6 Graduate Assistant- 
ships in the department of chemistry ($500-1000, with exemption from tuition). Ten 
to twelve hours per week of laboratory instruction required. Address inquiries to 
L. F. YNTEMA. 

6 Graduate Assistantships in department of biochemistry ($500-1000, with exemp- 
tion from tuition). Ten to twelve hours per week of laboratory instruction required. 
Address inquiries to E. A. Dorsy. 

Smith College, Northampton, Mass.—2 part-time Assistantships ($800 for first 
year and $900 for second, and exemption from tuition and breakage fees). Twenty 
hours per week required in laboratory supervision and correction of papers. Address 
inquiries to C. PAULINE Burt. 

South Dakota State College, State College Station, Brookings, S. D.—1 part-time 
Assistantship ($500 without exemption from tuition of $80). 15 hours’ laboratory 
supervision in general or elementary organic required. Address inquiries to B. A. 
DUNBAR. 

Stanford University, Stanford University, Calif—Shell Research Fellowship, 
endowed by the Shell Development Co. ($900); du Pont Fellowship, endowed by the 
E. I. du Pont de Nemours Co. ($750); Edward Curtis Franklin Fellowship ($500); 
Windt Scholarship in chemical engineering ($400); John Maxson Stillman Scholarship 
($200); 3 Teaching Fellowships ($750); and a number of Teaching Assistantships 
(varying in compensation according to the service rendered). Address inquiries to 
RoBert E. Swan. 

There are a number of University Fellowships ($400—750) open to graduate stu- 
dents in all departments. Address inquiries to the DEAN oF THE GRADUATE SCHOOL. 

The State College of Washington, Pullman, Wash.—7 Teaching Fellowships, re- 
quiring twelve to fifteen hours per week assisting in the laboratory ($700 first year, $800 
the second year), fees nominal. Address inquiries to C. C. Topp. 

1 Research Fellowship in biochemistry ($600 for twelve months). Address in- 
quiries to J. L. Sr. JouN. 

State University of Iowa, Iowa City, Ia—4 Scholarships ($200-300); 6 Fellow- 
ships ($300-800); 3 Research Assistantships ($600 or more); 12 Graduate Assistant- 
ships ($300); 14 Graduate Assistantships ($600). Address inquiries to EDWARD 
Bartow. 
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Syracuse University, Syracuse, N. Y.—16 Graduate Instructorships ($750-909 
with exemption from all fees); a limited number of Teaching Fellowships ($500) and 
Scholarships with exemption from all fees. Address inquiries to R. S. Bozungr. 

Tufts College, Boston 57, Mass.—1 Fellowship ($1000 and exemption from tuition); 
several Graduate Assistantships ($300, free tuition, and free use of apparatus and 
chemicals), Address inquiries to FRANK W. DuRKEE. 

Tulane University, New Orleans, La.--1 part-time Instructorship ($600); 2 
Graduate Assistantships ($450); 1 Graduate Assistantship ($400); 2 Student Assis. 
tantships ($300); 1 Student Assistantship ($200). All of the above carry free tuition 
and the remission of laboratory fees in the Graduate School. Address inquiries to 
H, W. Mosevery. 

Union College, Schenectady, New York.—1 part-time Assistantship ($300 and 
exemption from tuition and all fees). Approximately one-fourth time required for 
correcting reports and problems in physical and assisting in analytical chemistry labora- 
tory. Address inquiries to Eowarp ELLERY. 

University of Akron, Akron, Ohio,—2 Fellowships in rubber chemistry ($1000 with 
exemption from tuition, fees, and deposits). Nine hours a week required of the holder 
in laboratory supervision. Address inquiries to H. E. Simmons. : 

University of Alabama, University, Ala.—-3 Assistantships ($675); two pure re- 
search and one teaching and research. Several Assistantships ($100 and $200). Ad- 
dress inquiries to Stewart J. Lioyp. 

The University of Arizona, Tucson, Ariz.—4 Graduate Assistantships ($600 with 
exemption from tuition and laboratory fees). Twelve to fourteen hours per week re- 
quired in laboratory supervision, grading notebooks, papers, etc. Address inquiries 
to CHAIRMAN, DEPARTMENT OF CHEMISTRY. * 

University of Arkansas, Fayetteville, Ark.—-1 or more half-time Assistantships 
($600) and 1 or more fourth-time Assistantships ($300). Address inquiries to HARRISON 
HALE. 

University of Buffalo, Buffalo, N. Y.—5 Graduate Assistantships ($750 and ex- 
emption from tuition). About eight hours’ teaching required per week. Address 
inquiries to G. H. CARTLEDGE. 

University of California, Berkeley, Calif.—-20 Fellowships and Teaching Fellow- 
ships. (These positions net about $650 after all fees are paid.) Address inquiries to 
G. N. Lewis. 

University of Chicago, Chicago, Ill.—-1 Fellowship ($1200); 7 Fellowships ($750- 
1000); 5 Fellowships ($400-700); 2 Fellowships ($200-250); 3 Research Instructor- 
ships ($2000-3000) and four Research Fellowships ($2400-3000) open only to those 
holding a Ph.D. degree; 5 Assistantships ($900); 3 Assistantships ($600); 3 Junior 
Assistantships ($500). All students are required to pay the graduate tuition fees of 
$100 per quarter. This, however, is included in the stipends given above. Address 
inquiries to JULIUS STIEGLITZ. 

University of Cincinnati, Cincinnati, Ohio.—-2 Fellowships ($500); 2 Laws Fellow- 
ships ($500-750); all with exemption from tuition and laboratory fees. There are 
16 Fellowships and 12 Scholarships open to applicants in all departments of the Gradu- 
ate School. Address inquiries to Louis T. More, Dean of the Graduate School. 

In addition, there are also 20 Graduate Assistantships ($500-750 with exemp- 
tion from tuition and laboratory fees) allotted in the Departments of Chemistry and 
Chemical Engineering. Address inquiries concerning these Assistantships to H. 
Suiptey Fry, Department of Chemistry, or R. S. Tour, Department of Chemical 
Engineering. 
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University of Colorado, Boulder, Colo.—6 Assistantships ($925); 11 Assistantships 
($725) (tuition, fees, and breakage not included). Address inquiries to JoHNn B. 
EKELEY. 

Limited number of Fellowships ($250 and $500, tuition and major department 
fees exempted); and Scholarships (tuition and major department fees). Address 
inquiries to O. C. Lester, Dean of the Graduate School. 

University of Delaware, Newark, Del.—1 du Pont Fellowship ($300); 3 Part-Time 
Assistantships. Address inquiries to A. S. EASTMAN. 

University of Florida, Gainesville, Fla—6 Fellowships ($500 and exemption from 
tuition); 9 Student Assistantships; 2 Graduate Scholarships ($250). Address in- 
quiries to TOWNES R. LEIGH. 

University of Illinois, Urbana, Ill—About 15 Teaching Assistantships of four 
types: two-thirds time ($800), half-time ($600), one-third time ($400), and quarter- 
time ($300). Address inquiries to RoGER ADAMS. 

1 Carr and 1 du Pont Fellowship ($750 each); Scholarships for first-year graduates 
($300); Fellowships for second-year ($400); and third-year graduate students ($500). 
All appointments carry exemption from tuition and laboratory fees and other university 
expenses excluding, however, the matriculation and diploma fees of $10.00. Address 
inquiries to A. H. DANteLs, Dean of the Graduate School. 

University of Kansas, Lawrence, Kans.—10 Fellowships for graduates of Kansas 
colleges (1 to each college) ($400); 10-20 University Fellowships ($400). Address 
inquiries to E. B. STOUFFER. 

11 part-time Graduate Assistantships ($400-1000). Address inquiries to H. P. 
Capy. 

University of Louisville, Louisville, Ky.—1 Special Fellowship ($300) for students 
interested in industrial work; 1 Fellowship ($500) for students interested in physiological 
chemistry; 3 half-time Assistantships ($500 plus tuition). Address inquiries to A. W. 
HoMBERGER. 

University of Maine, Orono, Me.—2 Teaching Fellowships ($500). Several part- 
time Laboratory Assistantships, payment made on basis of time spent in laboratory 
instruction and in grading laboratory notes. There is also available a fund from which 
loans can be made to students who have demonstrated marked ability and need some 
financial assistance. Address inquiries to C. A. BRAUTLECHT. 

University of Maryland, College Park, Md.—Several Teaching Fellowships ($500 
and $1000 and exemption from tuition but not breakage fees). Two afternoons in the 
laboratories and 5-6 hours in correcting papers and in preparing reagents required of 
the holder of a $500 Fellowship. Four afternoons in laboratories and ten to twelve 
clock hours in departmental service required of the holder of a $1000 Fellowship. 
Address inquiries to L. B. BROUGHTON. 

University of Michigan, Ann Arbor, Mich.—18 Teaching Assistantships ($800); 
1 Lecture Assistantship ($800); 1 du Pont Fellowship ($750); 1 Prescott Fellowship 
in organic chemistry ($200-400); 1 Bagley Scholarship (income from $5000); 1 Uni- 
versity Fellowship ($500-600); 1 University Scholarship ($200-300). Address in- 
quiries to CHEMISTRY DEPARTMENT. 

University of Minnesota, Minneapolis, Minn.—1 du Pont Fellowship ($750); 
1 Dow Fellowship ($750); 1 Shevlin Fellowship ($500); 30 Teaching Assistantships 
($750 or $650 without one year’s previous experience as assistant). Both laboratory 

and university fees are remitted to holders of these positions. Address inquiries to 
8. C. Linn. 

The University of Mississippi, University, Miss.—2 Graduate Fellowships ($300 
with remission of laboratory fees), 12 hours work per week required; 6 Student Assis- 
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tantships ($150 with remission of laboratory fees), open to graduate and undergraduate 
students, 6 hours’ work per week required; 2 Stockroom Assistantships ($500 with 
remission of laboratory fees and room furnished in chemistry building), continuoys 
duty. Address inquiries to G. H. Woo.uett. 

University of Missouri, Columbia, Mo.—1 University Fellowship ($600); 1 Uni- 
versity Scholarship ($300); 15 Graduate Assistantships ($600-700). Address inquiries 
to HERMAN SCHLUNDT or DEAN W. J. ROBBINS. 

University of Nebraska, Lincoln, Neb.—20 Graduate Assistantships ($350-750); 
3 Research Fellowships for study of arsenic compounds ($600). All carry exemption 
from tuition and an allowance for chemicals’and breakage. Address inquiries to 
F. W. Upson. 

University of Nevada, Reno, Nev.—1 Teaching Fellowship ($600). Address in. 
quiries to G. W. SEARS. 

University of New Hampshire, Durham, N. H.—1 Research Assistantship in 
Agricultural Experiment Station ($840 and exemption from fees); 2 Teaching Assistant- 
ships in agricultural and biological chemistry ($700 and exemption from fees). Address 
inquiries to T. G. PHILuirs. 

4 Graduate Assistantships in chemistry ($700 with exemption from fees). Address 
inquiries to H. A. IppDLEs. 

University of North Carolina, Chapel Hill, N. C.—3 Teaching Fellowships ($500); 
1 Assistantship ($675); 11 Assistantships ($450); 1 Fellowship ($300). Assistants 
and Fellows (all types) are required to do eight to ten hours’ work each week in quiz 
grading and laboratory instruction. They are exempt from tuition fees ($75; for non- 
residents of state, $150). Address inquiries to JAMES M. BELL. 

University of Notre Dame, Notre Dame, Ind.—7 Graduate Assistantships ($750 
each); 2 Non-Teaching Research Fellowships ($750 with free tuition); 2 Teaching 
Fellowships ($1000 each). Address inquiries to HERMAN H. WENZKE. 

University of Oregon, Eugene, Ore-—3 Graduate Fellowships ($500 first year, 
$600 second); 4 half-time Fellowships ($25 per month for nine months). Exemption 
from tuition but from no other fees for both. Twenty clock hours required of full-time 
Fellows, ten of half-time. Duties include assisting in laboratory, reading papers, etc. 
Address inquiries to O. F. STAFFORD. 

University of Pennsylvania, Philadelphia, Penna.—Several Scholarships and 
Fellowships (ranging from free tuition to $1000 and free tuition); 2 Research Fellow- 
ships open only to holders of Ph.D. degree ($1500). Address inquiries to H. LAMAR 
Crossy, Dean of Graduate School. 

University of Pittsburgh, Pittsburgh, Penna.—6 Graduate Assistantships ($800 
with exemption from tuition fees). Address inquiries to A. SILVERMAN. 

University of Tennessee, Knoxville, Tenn.—5 Teaching Fellowships ($500 with 
remission of all tuition fees except $25, which covers the student activity, health, and 
library fees). Address inquiries to CHARLES O. HILL. 

University of Texas, Austin; Tex.—24 Tutorships ($725, $800, and $1000) and 
Assistantships ($550). Address inquiries to H. R. HENZE. 

University of Utah, Salt Lake City, Utah—6 Teaching Fellowships ($500 without 
exemption from fees, amounting to about $70). Address inquiries to W. D. BONNER. 

Four Teaching Fellowships ($720 for twelve months with remission of tuition 
fees). These Fellowships are open in assaying, ore dressing, metallography, and pyro- 


metallurgy, respectively. Two afternoons as teaching assistants are required of all , 


Fellows. Address inquiries to Director, Utah Engineering Experiment Station. 
University of Vermont, Burlington, Vt—A number of University Fellowships 
($700-800 with exemption from tuition fees). Address inquiries to G. H. Burrows. 
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University of Virginia, University, Va—A number of University Fellowships not 
specifically allocated to individual departments; 1 Fellowship ($750 with exemption 
from tuition); several Teaching Fellowships ($650-750 with exemption from tuition). 
Assistance, not exceeding fifteen hours per week in undergraduate courses, required of 
Teaching Fellows. Address inquiries to SECRETARY, CHEMISTRY FACULTY. 

University of Washington, Seattle, Wash—14 Teaching Fellowships ($720). 
Address inquiries to GEORGE McP. SMITH. 

University of Wisconsin, Madison, Wis.—3 University Fellowships ($750); 1 du 
Pont Fellowship ($750); 1 or 2 University Scholarships ($250); 1 Special Scholarship 
for women only ($300); 4 or 5 Private Research Assistantships ($600); 5 or 6 Senior 
Assistantships ($1000-1200); 10-15 Junior Assistantships ($600-800). Address in- 
quiries to J. H. MATHEWws. 

University of Wyoming, Laramie, Wyo.—2 Graduate Assistantships ($600). 
Address inquiries to P. T. MILLER. 

Vanderbilt University, Nashville, Tenn —4 Fellowships ($500 with exemption from 
breakage fees); 3 Scholarships ($300 with exemption from breakage fees); Eagen 
Fellowship ($800 with exemption from laboratory fees). Address inquiries to J. M. 
BRECKENRIDGE. 

Virginia Polytechnic Institute, Blacksburg, Va.—5 Fellowships ($400-750). Ad- 
dress inquiries to J. W. WATSON. 

Washington University, St. Louis, Mo—8 Assistantships ($750 with exemption 
from tuition and laboratory fees, and allowance for breakage); 2 Industrial Fellowships 
($500-750 with similar exemption from fees); several University Fellowships ($500) 
and Scholarships ($200 with similar exemption from fees). Address inquiries to L. 
McMaster. 

Wesleyan University, Middletown, Conn.—4 to 6 half-time Assistantships 
($600 first year, and $800 second year, with exemption from tuition and charges for 
breakage); 1 Industrial Fellowship, with limited teaching duties. Address inquiries 
to DEPARTMENT OF CHEMISTRY. 

West Virginia University, Morgantown, W. Va.—l1 Graduate Assistantship 
($1200); 5 Graduate Assistantships ($500); 3 Graduate Assistantships ($325); 3 
Fellowships ($750); 2 Fellowships ($500). Address inquiries to FRIEND E. CLARK. 

Western Reserve University, Cleveland, Ohio.—1 Jeavons Fellowship ($1200); 
1 Cushman Fellowship ($900); 2 Ohio Chemical Manufacturing Company Fellowships 
($900); 1 Scholarship ($500). All of these positions carry exemption from tuition 
and laboratory fees. 2 Assistantships ($600 and free tuition). Address inquiries to 
E. J. Benton, Dean of the Graduate School. 

Williams College, Williamstown, Mass.—2 part-time Assistantships ($1200 with 
exemption from tuition and fees, with opportunity to obtain A.M. degree in two years). 
General assistant work required in undergraduate courses. Address inquiries to 
BRAINERD MEars. 

Worcester Polytechnic Institute, Worcester, Mass.—2 part-time Assistantships 
($750 with exemption of one-half of $330 tuition). Supervision required in five three- 
hour laboratory periods per week. Address inquiries to W. L. JENNINGS. 

Yale University, New Haven, Conn.—Several Assistantships ($850—1000, without 
remission of tuition, laboratory fees, and breakage amounting to about $350); several 

Scholarships and Fellowships that are usually reserved for Ph.D. degree candidates in 
the final year; the Loomis Fellowship ($1500). Address inquiries to ARTHUR J. HILL. 














BALANCING CHEMICAL EQUATIONS 


DEAR EDITOR: 

The method of balancing equations given by A. W. S. Endslow on page 
2453 of the December, 1931, issue, of the JOURNAL OF CHEMICAL Epucation 
has been in use in German high schools for a number of years. This method 
has been explained on page 218 of the seventeenth edition (1919) of a widely 
used high-school textbook, ‘‘Grundriss der Chemie,” by Dr. Fr. Riidorff, 
The following example is given: 

According to which equation will iodic acid react with sulfur 


dioxide in the presence of water with the formation of sulfuric acid and 
precipitation of iodine? The equation is: 


xHIO; + ySO. + sH.O = uH.SO, + oI 


then 
(1) x + 22 = Qu 
(2) X= 
(3) 3x + 2y + 22 = 4u 
(4) y= 4u 
let x = 1; thens = 2; u = 5/23 y= 5/3; 0 = 1 
therefore 


x=2;y=5;2=4,u4=5,70=2 
hence, the equation is 2HIO; + 5SO2 + 4H:O = 5H2SO, + 2I. 


The author gives a number of problems, a few of which are quoted below: 


114 According to which reaction will pyrolusite react with potas- 
sium iodide and sulfuric acid in such a way that manganese sulfate 
(MnSO,), potassium acid sulfate (KHSO,), water, and iodine are 
formed? 

118 According to which reaction does a mixture of coal and 
potassium nitrate burn to potassium carbonate, carbon dioxide, and 
nitrogen? 

125 When zinc is dissolved in dilute nitric acid, zinc nitrate, water, 
and ammonium nitrate are formed. By which equation can this 
reaction be expressed ? 

126 Find the coefficients of the following equations: 

(a)—xAs + yH2SO, = 2As,03 + uH2O + vSOz 

(b)—xAs,0; + yHNO; + 2H,O = uH;AsO, + vNO 

(k)—xHgCh + ySO2 + zH2O0 = uHgCl + vH2SO, + wHCl 

(0) —xKMnQ, + yH2SO, + 2HeS = uMnSO, + vK2SO,4 + wH20 + 75. 


This method of balancing equations is based on the system used in solving 
simultaneous linear equations. In the first example given illustrating 
the reaction between iodic acid and sulfur dioxide four simultaneous linear 
equations can be formed containing five unknown constants. If a definite 
value is assigned to one of these constants then the value of the other four 
constants can be found easily. The method will fail completely if the 
number of unknown constants (total number of substances involved in 
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the reaction) exceeds the number of simultaneous linear equations by more 
than one. This is true in the case of Equation 126, (0). 
vKMnQy + yH2SO, + sH2S = uMnSO, + vK2SO, + wH2O + 7S 


for K x = Q (1) 
for Mn x =U (2) 
for O 4n + 4y = 4u + 40 + w (3) 
for H Qy + 22 = Qw (4) 
for S ytomutotr (5) 


The equation involves seven substances, hence, seven unknown constants; 
only five simultaneous linear equations can be formed by the application 
of purely mathematical, non-chemical principles as only five elements 
take part in the reaction. It is impossible to solve this set of equations 
because five simultaneous linear equations containing seven unknown con- 
stants cannot be solved. A trial will make this statement more convincing. 


Let v = 1; then x = 2 and u = 2. By substitution we get 
(3) 8+4y=8+4+w 
(4) y+to=w 
(5) y+s@r2eit+r 

hence 
(3) 4y=w+tr 
(4) ITs 8 
(5) yt+s=r+3 
or 
4y=wt+é4 
w=r+s3 
or 
4y=r+7 


In this way a linear equation is found containing twio unknown constants. 

However, the above equation can be solved if chemical knowledge is 

utilized in aiding mathematics. The elementary sulfur given on the 

right-hand side of the equation is formed solely by the oxidation of hy- 

drogen sulfide. This cannot be foreseen by mathematics alone. Hence: 
(6) s=r 


Now we have six equations with seven unknowns. 


If we let v=i 

then x = Zand’ = 2 
(3) 4y=w+4 

(4) y+e=w 

(5) yte2=2+38 


From Equation (5) it follows that y = 3 
By substitution of the value of y we get (3) 12 = w+ 4; hence w = 8 
(4) 3 +2 = 8; hence, z = 5 
as s =r, wegetr = 5 
hence 
2KMnQ, + 3H2SO, + 5H2S = 2MnSO, + K2SO, + 8H20 + 5S 
Very sincerely yours, 
LonG ISLAND UNIVERSITY LEOPOLD SCHEFLAN 
BRooKLyNn, NEw YorK 








360 JOURNAL OF CHEMICAL EDUCATION FEBRUARY, 1932 


DEAR EDITOR: 

The method of balancing chemical equations ‘‘algebraically,” pre. 
sented in your issue of December, 1931 (p. 2453), is probably derived 
from Sir James Walker’s textbook, “‘Introduction to Physical Chemistry” 
(Macmillan & Co.). The earlier editions of this well-known volume 
contain a brief chapter (Chapter III) on Chemical Equations which, 
significantly enough, opens with a discussion of the reaction exemplified 
by your correspondent: 


? Cu + ? HNO; —> ? Cu(NO;). + ? NO + ? HO 


Although this particular equation is not solved by algebra, the algebraic 
method is developed at the end of the chapter in connection with a still 
more complex reaction: 


a K,Cr.O7 + b FeCl, + ¢ HCl —> d KCI + e CrCl; + f FeCl; + g H.0 


The method certainly works admirably for this and similar reactions, 
but Walker is careful to add: ‘‘The student of chemistry is not recom- 
mended to make use of the algebraic process, as it is purely mechanical 
and affords little insight into the nature of the chemical reactions con- 
sidered.”” The latest (tenth) edition of his book omits the chapter 
entirely. 

Very truly yours, 
JAMES KENDALL 


CHEMISTRY DEPARTMENT 
UNIVERSITY OF EDINBURGH 
EDINBURGH, SCOTLAND 


DEAR EDITOR: 

In reply to Mr. Endslow's inquiry (page 2453 of the December, 1931, 
JouRNAL oF CHEMICAL EpucaTION) regarding the algebraic method of 
balancing chemical equations, I should like to offer the following informa- 
tion. 

In a text named “Introduction to Physical Chemistry,” by J. Walker, 
LL.D., F.R.S., Professor of Chemistry in the University of Edinburgh, 
8th edition, Macmillan & Co., St. Martin’s St., London, in the very first 
chapters may be found two to three pages of good explanatory material 
on the subject. The method, apparently a very old one, is also discussed 
in the first edition, published about 1899. - 

There really is a basis for this scheme, for certainly a relationship exists 
between these letters, as used in forming many equations. However, the 
amount of algebra employed and the many, many equations that must be 
used in balancing the oxidation and reduction (in acid solution or basic 
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solution) makes it almost impossible for practical use. It surely would bea 
very good hobby for any one interested in chemistry to keep in mind. 
Very respectfully yours, 
ARTHUR R. CLARK 


FRANKLIN AND MARSHALL COLLEGE 
LANCASTER, PENNA. 


DEAR EDITOR: 

The algebraic method of balancing chemical equations set forth in the 
recent communication of A. W.'S. Endslow [J. CHEM. Epuc., 8, 2453 (Dec., 
1931)] requires the solution of as many simultaneous linear equations 
as there are substances symbolized in a given chemical equation. It 
follows that there must be at least (n—1) different elements involved in a 
chemical equation of m substances, since one algebraic equation is formu- 
lated for each element, and in addition, a is set equal to one. 

This requirement is met by many, but not by all, chemical equations. 
For example, 


a KMnO, + b HoSO, + ¢ HxO. —> d KHSO, + e MnSO, + f H2O + g O2 


cannot be balanced by this method, since it is possible to formulate only 
six independent linear equations, whereas seven are necessary. 
Very truly yours, 
NICHOLAS DIETZ, JR. 


THE UNIVERSITY OF PITTSBURGH 
PITTSBURGH, PENNSYLVANIA 


DEAR EDITOR: 

From time to time I see in the JOURNAL OF CHEMICAL EDUCATION and 
other magazines articles on methods of balancing equations. The one 
occurring in the correspondence section of the December, 1931, issue of THs 
JouRNAL (p. 2453) caused me to submit the method I have used in my 
general chemistry classes for a number of years. This method seems simple 
to me, though my description may appear involved. My students have 
had very little trouble using it on even the most difficult equations. It 
might be helpful te others. 

I classify reactions in three groups as felieiae: 

Case No. 1. Reactions that are non-oxidation-reduction or simple 
oxidation-reduction. 

Case No. 2. Oxidation-reduction reections in which one element is 
oxidized and one reduced. 

Case No. 3. Oxidation-reduction reactions in which two different ele- 
ments are oxidized or reduced and, in Fae seacun one or two reduced or 
oxidized. 
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Before attempting to present equations in a comprehensive way, ] 
have the students, during the first six weeks, memorize a number of 
formulas of compounds, one representative of each element in each of its 
states of oxidation. Also they have been drilled in deriving valences of al] 
elements and radicals with which they are familiar by referring to the hydro- 
gen atom as a basis. 

To balance any equation the students are instructed to first make sure 
that in the skeleton equation each element is accounted for at least once 
on both sides of the arrow, and that al] formulas are correct. When 
reactions are of solutions H,O may be added to either side of the equation 
as occasion demands. 

Case No. 1: All non-oxidation-reduction reactions and simple oxida- 
tion-reduction reactions. (This case is introduced as soon as formulas are 
presented.) For the first few times enclose each formula in a circle and 
never alter the numbers inside the circles during the rest of the operation 
of balancing the equation. Applying this principle to the skeleton of the 
equation for the reaction of Al on HCI we have: 


Al + HCl —~> AICI; + H: 


If a poly-atomic elemental gas is involved, hold a finger over the number 
indicating the atoms to a molecule of the gas. (Here the ‘2’ of the 
“He.”’) Balance the equation taking the least common element first 
(usually a metal), then the acid radical, then HO, if involved, and finally 
any free element appearing in the product. If the finger was held over a 
number during the balancing, take away the finger and immediately multi- 
ply coefficients of all other molecules by the number uncovered. The 
result of the above example will be 


2Al + 6HCIl —> 2AlCl; + 3H: 


Case No. 2: All oxidation-reduction reactions involving one element 
oxidized and one reduced. Using positive and negative charges mark the 
valence on each individual atom and radical. (Precaution: All free ele- 
ments have a valence of zero. For each radical make the mark over the 
entire radical.) Below the equation write separately those elements 
changing in valence and the extent of their change. Holding the left 
hand at an assumed zero level decide how many units each atom goes up or 
down. (Positive is up and negative is down.) Record these. Then 
place a large X opposite both lines. (See the example below.) At the 
other extremes of the lines of the X write the same figures. These give 
the ratio in which the oxidation-reduction takes place. These numbers in 
themselves or when multiplied by 2 usually give the numbers to be used. 
Rarely do they have to be multiplied by a higher number. If either ele- 
ment appears in more than one substance on either side of the arrow, insert 
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the numbers in the skeleton equation, but only on the side where the ele- 
ment appears more than once and as the coefficients of the atoms of the 
elements which changed in valence. Join by arcs across the arrow the 
element which appears more than once on one side. Then on each arc 
write the necessary number of atoms of the arc-ed element. Add together 
and place the sum as the coefficient of the element on the other side. 
Balance the other molecules by sight as in Case No. 1. Taking the same 
example that Mr. Endslow used in his letter appearing in the December, 
1931, JouRNAL OF CHEMICAL EpUCATION and applying the method 
outlined above we have: 


+ +5 -2 +2 45-2 +2 - + -2 


3Cu + wig 2b IER > > 3Cu(NOs)s + 2NO + 4H,0 





Cu from 0 to +2 = up 2 ; «3 
N from +5 to +2 = down 3 2 
If neither of the elements changing in valence appears more than once 
on either side, then the numbers on the right of the large X can be inserted 
on both sides of the equation and the rest of the equation balanced by sight. 
For example, HNO; on HS: 


2HNO; + H2S —> 2NO, + 2H,O + S 
S from —2 to 0 = up 2 x 1 
N from +5 to +4 = down 1 2 
Case No. 3: Oxidation-reduction reactions in which two different elements 
are oxidized or reduced and, in conjunction, one or two reduced or oxidized. 
Rarely is there a case of two oxidized and two reduced. All the elements 
oxidized and reduced must occur in not over two of the reacting sub- 
stances. If they occur in more than two, separate equations must be 
written in order to meet this requirement. The method of balancing is 
essentially the same as for Case No. 2, but is a little more involved. An 
example of Case No. 3 would be the action of hot concentrated HNO; on 
arsenious sulfide. In the light of Case No. 2 the figures below explain 
themselves. 
24 x 4 
/——10 he 
As.S; + 88HNO; —» 2As(NO;)s + 16H.O + 3H2SO; + 28NOz 


Sfrom —2to +6 = up8 x 1 Since 3S, } 3 
N from +5 to +4 = down 1 8 numbers are 24 


As from +3 to +5 = up 2 x 1 Since 2As in mol., } 2 
N from +5 to +4 = down 1 2 numbers must be 4 








Sincerely yours, 
EARL OTTO 


CoTNER COLLEGE 
LINCOLN, NEBRASKA 
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IMPROVISED SPOT PLATES 
DEAR EDITOR: 

In teaching qualitative analysis, I have developed the following simple 
idea, which may be of some interest to your readers. 

In determining the pH of a solution with methy] violet, or any like experi- 
ment, we have been accustomed to place drops on smooth porcelain plates, 
as the more expensive ones, with depressions, are not available to us. To 
prevent the drops from running together, a substitute for the “depression 
plate’”’ may be made from old crucible covers. Every laboratory, however 
poor, seems to have an abundance of these. A slit is made in a two-inch 
cork and the knob of the cover placed in it, which provides a steady, sup- 
ported porcelain dish. 

Sincerely yours, 
(Mrs.) Louse P. MitcHeti 
WoMEN’s COLLEGE 


UNIVERSITY OF DELAWARE 
NEWARK, DELAWARE 


AN EQUILIBRIUM EXPERIMENT FOR AN INTRODUCTORY 
LABORATORY COURSE IN PHYSICAL CHEMISTRY 


DEAR EDITOR: 

C. V. King’s criticism [J. Caem. Epuc., 9, 150-1 (Jan., 1932)] of our 
extrapolation [J. Cuem. Epuc., 8, 2065 (Oct., 1931)] of the equilibrium 
constant of the reaction Ag + Fe+++ == Agt + Fet* is theoretically 
valid, and leads to a decidedly higher value of the equilibrium constant 
than the one we obtained. However, since the extrapolation of the log 
K, Vu curve is carried out over such a long range it might be well to 
attempt to verify the result, using the available activity coefficients at the 
various ionic strengths used. (Here again we shall use the activity coef- 
ficients found in Lewis & Randall’s ‘‘Thermodynamics,” though the as- 
sumption of anything like exactness in the values for Fe++ and especially 
Fet** is certainly not warranted.) The values so obtained are given in 
the table. 


Mee en Ko 

0.0885 = 0.158 

0.0506 0.153 

0.1024 0.144 

Here Ky = K tage foe The tendency toward higher values with in- 

Fet++ . 

creasing dilution indicates the probable direction of the value of the true 

constant and evidences the inaccuracy of the activity coefficients used. 
The difference between this value and the values of 0.114 obtained elec- 

trometrically by ourselves and 0.1306 obtained indirectly from an analytical 
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method by Popoff and his co-workers requires some explanation. The 
physical condition and purity of the silver used in the two parts is probably 
the greatest cause of error. In the method used by Popoff this difficulty 
was avoided by the use of mercury. Since the same activity coefficients 
were used in the electrometric determination as in the above calculation 
of Ko, it is obvious that considerable error is introduced here. The value 
of the ionic strength used in the Fe++Fet+* side of the cell was 0.0567. 
Another possible source of error in the electrometric determination was the 
oxidation of ferrous iron during the time required for filling the cell and for 
the attainment of a constant e. m. f. 
We regret that it is impossible for us to investigate this reaction further. 
Yours truly, 
E. J. SHAW 
Mary ELIZABETH HYDE 


PropLes Gas LIGHT AND COKE Co. 
CHIcAGo, ILLINOIS 


THEODORE WILLIAM RICHARDS 


Dr. O. G. VILLARD, Editor 
The Nation 


DgAR DR. VILLARD: 

We have quoted several times in the JOURNAL OF CHEMICAL EDUCATION 
the following which, in an article on page 424 of the April 18, 1928, issue of 
The Nation, Vol. 126, No. 3276, was attributed to the late T. W. Richards: 


If I were asked to select the best chemist in any gathering, I should 
find out first who played the ’cello best. 


One of our correspondents has written us about this, and in an effort to 
find out on what occasion and under what circumstances the remark was 
made, we have communicated with several persons who were intimately 
associated with Dr. Richards. None of these has any knowledge of it, and 
several have intimated that it ‘“‘doesn’t sound like him.” Can you furnish 
us with any information about it? Thanking you in advance for any atten- 
tion you may give this request, I am 

Sincerely yours, 
NEIL E. GORDON 


DEAR Mr. Gorpon: 

I am sorry to have delayed so long in sending you the information for 
which you asked in your letter of November 11th, but the writer of the edi- 
torial in question has been out of the country and did not receive my note 
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of inquiry until just recently. I am enclosing a copy of his letter to me 
and hope that it may at least partially be satisfactory. 
Sincerely yours, 
CAROLINE WHITING 
Editorial Secretary, The Nation 


DEAR Miss WHITING: 

This delay in reply to your letter of November 12th is due, first, to my 
having been in Canada for a week after you wrote, and second, to my 
efforts to find associates of mine at Harvard who might recall the remark 
which I attributed to Professor Richards. I have been unsuccessful in 
getting any confirmation of it from the men who I thought might have 
heard it. My classmates agree that it sounds exactly like Professor 
Richards but none recall the remark. 

My own memory is quite definite, namely that it was made to a group of 
students including myself who gathered about the lecture desk following 
one of his lectures in the undergraduate course on the history of chemistry. 
He had been discussing the versatility of some famous chemist. I believe 
it was Sir William Ramsay. As I recall it, I asked him myself whether an 
aptitude for chemistry usually excluded an interest in music and literature. 
I was then much perturbed over my apparently incompatible interests, 
I was fascinated by chemistry and physics and yet had profound love of 
literature and the arts. I was facing the choice of a career. My question 
grew out of my perplexity. His reply was most reassuring. He spoke of 
his own work in painting and mentioned the musical attainments of a 
number of his friends who were distinguished European chemists. He 
said very emphatically that a man who knew nothing but chemistry might 
be a competent technician but that the really great in science had a creative 
impulse which found artistic expression. He closed his little speech by the 
remark which I quoted in the editorial that I wrote on his death, a remark 
which has been very vivid in my mind ever since those days. 

I regret that I cannot now, after the lapse of twenty-one years, find 
classmates who were in that small group after the lecture and who recall 
the remark. But there is no doubt whatever in my mind that he made 
it in essentially the form which I have quoted. 

Yours sincerely, 
AUTHOR OF EDITORIAL 


THE CHEMIST TO HIS LOVE—CORRECTION 


The year in which this poem, reprinted on page 146 of the January, 1932, issue of the 
JOURNAL OF CHEMICAL EpucaTION, appeared in London Punch was 1843 and not 1893. 
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APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Ring stand and table lamp with flexible support. Chem.-Ztg., 55, 783 (Oct. 10, 
1931).—Sufficient illumination is always necessary in the laboratory whenever readings 
must be taken on thermometers, hydrometers, burets, etc., and where analytical and 
microchemical work is to be performed. Often the lack of proper illumination will 





cause difficulty. The lamp shown in the two figures will satisfy all the needs of a labora- 
tory lamp. It can be clamped to the desk, table, and ring stand and it can be adjusted 
for any position. The lamp has been patented and is manufactured by Strohlein and 
Co., Diisseldorf, Germany. L. S$: 

A modified absorption tube for the determination of hydrogen in organic sub- 
stances by the micro-analytical method of Pregl. W.J.Boyp AND W. Rosson. Chem. 
& Ind., 50, 400T-402T (Oct. 23, 1931).—A slight modification of the Pregl method, 
which is claimed to give more accurate results for hydrogen, is described. The relatively 
large CaCl, tube is replaced by a smaller tube containing P.O; on glass wool. 

E. R. W. 

Practical analysis with the spectroscope. See this title, page 368. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


The use of visual aids in teaching general science by a contract plan. D. F. 
Ospurn. Calif. Quart. Sec. Educ., 7, 14-8 (Oct., 1931).—Types of visual aids which 
the author has found useful in teaching general science by the contract plan in the West- 
lake Junior High School of Oakland are: models, exhibits, pictures, excursions, charts 
and diagrams, maps and globes, stereographs, stereopticon, slides, still films, and,motion 
pictures. Three topics are selected as examples to illustrate the use of visual materials 
in teaching general science by the contract plan: The Solar System and Its Neighbors; 
Science and Industry; and The Contributions of Science to the Modern Home. 

MP. 

Slide making in the classroom. M. Pettit. Educ. Focus, 2, 14 (Oct., 1931).— 
The live science teacher today is using every form of visual instruction possible. Miss 
Pettit’s pupils themselves prepare slides of certain diagrams with Eastman Kodak 
slides which have been cleaned with pyrogallic acid solution, and washed in clear water. 
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When dried, India ink is used to draw the diagram on the gelatin side of the slide. The 
diagram can be thrown immediately on the screen thus adding to the interest of the sty. 
dent. The use of slides enables the teacher to present material in the shortest space of 
time possible. Enlarged diagrams show differences and types very readily. Slides haye 
also been used to advantage in certain types of tests, as true-false. H. Tek 
Practical analysis with the spectroscope. C. C. Nircuie. Educ. Focus, 2, 6-8 
(Oct., 1931).—Many industrial laboratories are making use of spectroscopic and spectro. 
graphic methods in making analyses. The advantages of these methods are: 1. Sey. 
sitivity. The value of some products is much impaired by the presence of traces of im- 
purity. 2. Completeness of the information obtained. A photographic plate records 
not only the spectral lines of one element, but all that may be present. 3. Certainty, 
The identification of spectral lines is positive. 4. Speed. A half hour is enough to give 
a complete list of the metallic elements in a majority of cases. H. T.3:; 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


Tuition and cost of education. G. A. BraKELEY. Educ. Record, 12, 312-21 
(July, 1931).—What part of the cost of his education should a student pay? The author 
compares past and present practices with probable future tendencies in answering this 
question. Tuition charges have been greatly increased within the last few years and the 
chances are that there will be further increases. However, it is a difficult question to 
determine what proportion of the educational cost should be borne by the student. 
The author indicates the various factors involved and states as his conclusion that, nor- 
mally, tuition should not be expected to pay over half of a student’s education cost. 


M. P, 


B 


KEEPING UP WITH CHEMISTRY 


Hidden crime clues bared by chemist’s magic. E. W. TEALE. Pop. Sci., 119, 
22-4, 140-1 (Nov., 1931).—Characterizing chemistry as the ‘‘new Sherlock Holmes of 
modern scientific crime detection,” the author enumerates instance after instance of 
chemistry’s first aid to crime detection. 

Among the unusual applications of this science to the cause of justice are: the use 
of etching solutions in revealing mutilated serial numbers upon firearms, detection of 
arsenic in the interior of a hair from a poison victim, the use of alkalies in determining 
the age and sex of the person from whom the hair came, the development of invisible 
messages written with ‘“‘sympathetic inks,’’ and the revelation of the age of ink or paper 
by chemical treatment. 

Solutions used in ‘etching back the numbers on an assassin’s gun’’ may be copper 
chloride, copper sulfate, ammonium persulfate, picric acid, and nitric acid dissolved in 
alcohol. ‘The numbers on cheap steel can be etched back quickly; with high-grade 
metal it takes longer.” 

A Scotland Yard chemist answered a defense charge of arsenic in the soil from which 
an exhumed body had been removed for examination by thoroughly washing some of the 
hair, then splitting them and testing for the arsenic in their interior. 

The most common invisible writing inks used by the underworld are: _ silver nitrate 
on common paper which when exposed to sunlight ‘‘comes out’’; cobalt chloride writing 
fluid when heated brings out its darker anhydrous color; lead acetate writing solution be- 
comes visible when exposed to hydrogen sulfide gas; cobalt nitrate invisible script is 
developed by application of oxalic acid; common starch solution as an ink is revealed 
by exposure to iodine vapor. Copper sulfate, even, may be so used and brought out by 
fumes from concentrated ammonia water. 

Modern inks contain coal-tar dyes which were unknown eighty years ago. This 
fact was critical in a rather famous will case which is described. 

“The number of . . . exposés credited to chemistry in all fields of crime detection 
is constantly increasing.” B. Com 

Rise of air-conditioning with particular reference to the chemical field. W. L. 
FLEISHER. Ind. Eng. Chem., 23, 732-5 (July, 1931).—Air-conditioning is the simultane- 
ous control of temperature, moisture content, and air movement. It was practiced very 
early in the making of leavened bread, moisture content being maintained by evapora- 
tion from dampened cloths. First true air-conditioning appeared in textile industry. 
Steam introduced into the atmosphere is absorbed by the cellular material, increasing 
the pliability and weight and decreasing the static electricity. Rise in practical aif 
conditioning has been rapid in the last 30 years. The slogan, ‘Tell us your best day and 
we will reproduce it every day,” indicated the measure of the desired conditions. Steam 
proved to be unsatisfactory, so the spray method or washing method was developed, the 
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moisture content being regulated by the temperature of the water. If working condi- 
tions call for 65°F. and 50% relative humidity, the air is saturated at 46°F. and when 
later heated to 65°F. the humidity will be 50%. 

The human body is the finest air-conditioning machine known in its ability to manu- 
facture alleviating or compensating conditions for the inequalities of weather. Today 
air-conditioning is being applied to comfort, as in hospitals, picture houses, banks, and 
homes. In industry where it got its start it is essential in candy manufacture, bakeries, 
fermentation, inks and rolls in printing, matches, photography, paper, textiles, and many 
others. In artificial silk manufacture it is especially important as the moisture content 
must be regulated carefully at numerous stages. D.C. EB. 

Rhenium. W.F.MeEcceErs. Sci. Mo., 33, 413-8 (Nov., 1931).—A brief history 
of the methods employed in the discovery of the chemical elements leading up to the 
discovery of Re is followed by a discussion of the discovery of Re, its extraction and prop- 
erties. Re prefers the valency of 7 or 6; its higher oxides are more stable than those of 
Mn. When burned in oxygen, Re forms several different oxides. ReO, is reduced to Re 
when heated in hydrogen to 800°. It is more noble than tungsten. It dissolves in 
HNO; and in H,SO, but not in HF or HCI. The atomic weight is 186.31. A discussion 
is given of the optical and Réntgen spectrums. G. W. S. 

Pyrosulfuryl chloride, S.Cl,0;. W.Sranv. Chem.-Zig., 55, 858 (Nov. 7, 1931).— 
Pyrosulfuryl chloride is formed: (1) by the action of sulfur trioxide on phosphorus 
pentachloride, 2SO; + PCls = POC]; + S.Cl.0;; (2) by the action of sulfur trioxide on 
carbon tetrachloride, 2SO; + CCl = COCI, + S.CI,0;; (3) by the action of sulfur 
trioxide on sodium chloride, 2NaCl + 4SO; = NasS,07 + S:0;Ch. 

It is a transparent, mobile liquid, which fumes in the air, boils at 151°C. and has a 
specific gravity of 1.844at 18°C. Itreacts slowly with water and decomposes at 250°C. 
according to the following equation: S,ClO; = SO; + SO. + Cle. These decomposi- 
tion products can be detected if they do not come in contact with oxides that lose oxygen 
easily or with moist gases; otherwise the following reactions take place: 

SO; + SO, + 2C1 + H.O = 2SO; + 2HCl 
SO; + SO, + 2Cl + 3H,O = 2H.SQ, + 2HCI 


ick-freezing solves food problems. D. H. Kuerer. Sct. Am., 145, 16-8 
(July, 1931).—The author describes how dry ice or solid carbon dioxide is increasing 
in importance in food refrigeration. Practically every type of food—fruits, meats, 
vegetables—may be kept fresh indefinitely by so-called ‘“‘quick-freezing.” Foods pre- 
served by this method must be kept much colder than by ordinary refrigeration and not 
be allowed to thaw out until ready for use. The new process makes all of the most per- 
ishable foods and fruits of every land and clime available to any one, any where, at any 
time. Fresh Georgia peaches and strawberries may now be had in sia <4, 
al.” om oe 
Silicates in cleansing. ANon. Silicate P’s & Q’s, 11 (Nov., 1931).—In order 
to cleanse a surface with a watery liquid, it is first necessary to wet it. Sodium metasili- 
cate in solution possesses excellent wetting power. It increases the amount of suds 
formed in soap solutions. Experiment shows that the amount of suds formed bears a 
relation to the pH value of the solution. The pH value for maximum suds formation 
varies with different alkalies. Furthermore, there is a definite pH value above which 
the amount of suds formed rapidly declines as the alkalinity increases. TB: 
Cotton stalks, a new source of rayon. P.A. CARMICHAEL. Sci. Am., 145, 248-50 
(Oct., 1931).—A series of experiments have been carried out at the University of North 
Carolina which indicate the possible utilization of the whole cotton plant—bolls, stalks, 
and all—in making rayon. Heretofore the problem of cost has prevented the use of cot- 
ton in making any but the finest rayon. The new chemical process seems likely to reduce 
the cost to about one-twentieth of what it is at present. Should the process prove as 
successful as preliminary tests show, the cotton industry will be revolutionized and cot- 
ton raising put on an entirely new basis. Removal of cottonseed oil from the cotton pulp 
is a problem as yet only partially solved in the new process. Cotton picking is unneces- 
sary as the cotton may be mowed by machinery. Experiments are also being made in 
two methods of planting cotton: drilling like wheat and broadcasting. C. M. P. 
Gold mining; facts and figures. E. D. Srrauss. Eng. Mining J., 132, 335-8 
(1931).—In 1931 the gold mines of the world will probably produce more gold than at 
any time since the record years of 1915-16. The increase is coming largely from South 
Africa, Canada, and Australia. Instead of being hurt by the depression, the lowered 
costs produced by it have made possible the working of mines before impossible. Al- 
though gold is produced in almost every country, 53 per cent of the world’s output is 
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from the Transvaal, South Africa. In the United States, long so prominent in gold pro- 
duction, the industry has been fading into obscurity in recent years. Except in Alaska 
and in the mines near Deadwood, S. D., the gold output of the United States is a base 
metal by-product. Ninety per cent of the world’s output today is from lode mines, 
though some placer mines are being worked in various parts of the world. High- -grade 
mines are few and far between. Gold mining, therefore, is fast becoming a “= -scale, 
low-grade enterprise. G. 
Limestone and lime in industry. M. F. GoupGe. Chem. Age, 25, 294 Pi 3 
1931).—-Brief descriptions are given of the use of lime in metallurgical industries, in 
pulp and paper manufacture, in sugar refining, in glass manufacture, as a moe metallic 
mineral filler, and in a few other industries. eS 
The changing outlook in agriculture. E. J. Russer. Chem. & Ind., ‘50, 823-7 
(Oct. 9, 1931).-—-The first step toward a new kind of agriculture was made in the period 
1802-12 2 because of important lectures on agricultural chemistry by Sir Humphry Davy, 
These were concerned with soil analysis. The second step, an ‘inquiry after causes,” 
is not yet complete although it was started about 1838. In this attempt to relate soil 
composition with plant growth and crop yield, the Rothamsted Experiment Station ex- 
periments were started and are still going on. The remainder of the article is concerned 
with agricultural conditions in England. E. R. W. 
The future development of coal. W. R. Ormanpy. Chem. Age, 25, 329-31 
(Oct. 17, 1931) and 355-7 (Oct. 24, 1931).—This article contains a discussion of the pos- 
sibility of producing oil from coal either by direct hydrogenation or by low-temperature 
carbonization. E.R. W. 
The future of rayon. ANON. Chem. Age, 25, Dyestuffs Mo. Sup., 22 (Oct. 10, 
1931).—Research will reduce the faults which at present reduce the value of rayon and 
eventually it will displace its natural competitors. E. R. W. 
What is gas? I’. P. Stroup. Am. J. Pharm., 103, 577-93 (Oct., 1931).—Popular 
Science Lecture of the Philadelphia College of Pharmacy and Science. An attempt 
to interpret the many uses of the word ‘‘gas” in our every-day life—natural gas, fuel 
gas, gas-filled lamps, and gas refrigeration. G. 0. 
Radioactivity. G. Rosencarten. Am. J. Pharm., 103, 560-76 (Oct., 1931).— 
A Popular Science Lecture, Philadelphia College of Pharmacy and Science, describing 
radioactive ores, explaining the theory of radioactivity, radiutn therapy, and industrial 
applications. >. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES 


Rheology subject index. E.C. BincHam. J. Rheology, 2, 424-45 (Oct., 1931).— 
A comprehensive subject index of articles relating to. rheology (the science of flow of 
materials). Under each subject will be found a list of workers who have published on 
that subject, reference then must be made to the author index, J. Rheology, 2, 10-107 
(Jan., 1931) for the journal reference. E. R. Ww. 


HISTORICAL AND BIOGRAPHICAL 


Michael Faraday and the theory of electrolytic conduction. H.Hartiey. Chem. 
& Ind., 50, 807-15 (Oct. 2, 1931).—See also abstract of article from Chem. Ae 25, 
263-5 (Sept. 26, 1931) in J. Cuem. Epuc., 9, 164 (Jan., 1932). E. R. W. 

Faraday. Epit. Clinical Med. & Surgery, 38, 777-8 (Nov., ensure —Editorial 
with portrait. M. W. G. 

Presidents and medalists of the Society of Chemical Industry. ANon. Chem. 
& Ind., Special Jubilee Number (July, 1931).—A series of biographies with photographs 
of some fifty-five chemists and physicists who have either served as president of the so- 
ciety or who have received the society’s medal. Among those listed are; Robert A. 
Millikan, Paul Kestner, Sir Andrew Noble, A. D. Little, Sir William Crookes, Ira Rem- 
sen, Sir William Ramsay, Sir Edward Thorpe, Sir James Dewar, Sir William H. Perkin, 
Sir Henry E. Roscoe. E. R. W. 

Some elements yielded by yttrium. M. C. Maricnac anp M. P. T. CLEVE. 
Sci. News Letter, 20, 22-3 (July 11, 1931).—In this article two short papers from Comptes 
rendus are translated to become another of the-Science News Letter’s ‘‘Classics of Sci- 
ence.’ 

In the first, published in 1878, M. C. Marignac reports that by decompositions of 
nitrates of earths from gadolinite he succeeded not only in getting the rose-colored erbine 
but by many repetitions of the treatment he obtained an earth, white in color, forming 
colorless salts and giving no absorption lines. This earth gave equivalent weights rang- 
ing from 130.4 to 130.8. He proposed the name, ytterbium. 
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M. P. T. Cleve, in 1879, described a careful study of erbine. Erbine had already 
yielded ytterbium and scandine. Cleve, by the use of spectroscopic analysis, found 
warrant for proposing the following new elements as present in erbine: thulium, hol- 
mium, and true erbium. BB: C..: 

Predicting undiscovered elements. D. MENDELEEFF. Sci. News Letter, 20, 
978-9 (Oct. 31, 1931) and 298-300 (Nov. 7, 1931).—These papers were translated from 
the Journal of the Russian Chemical Society, Vol. 3, for the year 1871, and are of the 
Science News Letter’s ‘‘Classics of Science.” 

The three, at that time unknown elements (ekaboron, ekaluminum, and ekasilicon) 
are here described in the very words of the compiler of the periodic table. A noticeable 
characteristic of his presentation is the clearness with which he states just how he de- 


cides upon the properties of the predicted elements. BCH. 
The teaching of the history of science in the University of London. Sce this title, 
page 372. 


The changing outlook in agriculture. See this title, page 370. 


EDUCATIONAL MEASUREMENTS AND DATA 


Research projects of the secondary-school level carried on in California cities 
during 1930-31. F.C. Touton. Calif. Quart. Sec. Educ., 7, 86-111 (Oct., 1931).— 
This is the third annual compilation of research projects carried on in the secondary 
schools of California. A total of sixty-two projects are reported. Each project is re- 
ported by city, title, person responsible, nature of project, and findings. Those relating 
toscience were: ‘‘Science Interests” carried out by Charles H. Nettles in the Los Ange- 
les Schools; ‘‘Predicting Success in the Study of Chemistry’”’ by James F. Bursch of the 
Sacramento Schools; ‘“‘Equipment Standards for General Science, Grades 7, 8, and 9”’ 
by Arnold Joyal and R. E. Rutledge of the Oakland Public Schools; ‘Textbook Adop- 
tion and Evaluation Procedures’’ by M. E. Herriott of the Los Angeles Public Schools. 
In the latter study, among the subjects evaluated were chemistry, physics, and general 
science. Ci. MP. 
Away with fancy frills and fads. R. R. TurNeR. Sch. Exec. Mag., 51, 110-1 
(Nov., 1931).—This article consists of a plea for common sense in the use of intelligence 
tests and for gaining the respect of those men who are outside the ranks of the teaching 
profession. J. W. H. 

PROFESSIONAL 


Indices of the qualities of a faculty. H. L. HumKe. Phi Delta Kappan, 14, 
85-6 (Oct., 1931).—There are few published efforts at the scientific evaluation of the 
quality of the faculty of institutions. 

Some qualities formerly sought in college professors were; church membership in 
the college’s denomination, good college marks as a student, the holding of degrees and 
publications. 

__ Itis suggested that there are three major purposes of a faculty; teaching, participa- 
tion in community activities, and scholarly production. The teaching islistedas: cul- 
tural, tool subject, vocational and research teaching. The community activities may be 
institutional or extra-institutional. Production may find outlets in books or special 
articles published in technical magazines. 

It is suggested that, very properly, the worth of a faculty may be gaged by its 
success in these three activities. B.C. Hi 

Too many chemists? Epir. Chem. Buill., 18, 270-1 (Nov., 1931)—The 1931 
crop of chemists was placed with difficulty, some of the members of the lower divisions 
of classes not yet having found positions. Placement of 1932 classes is expected to be 
extremely difficult. In view of this situation, it may be desirable to curtail the number 
of chemists that are graduated yearly. This might be done by presenting to the public 
some of the trials and hardships as well as the glamor of the profession, increasing the 
requirements of the course, and advising those entering the study of chemistry to devote 
a longer period to preparation. H. T. B. 

Problems affecting the publishing business and the teaching profession. W. P. 
Jounson. Sch. Exec. Mag., 51, 56-7 (Oct., 1931).—The best interests of the publisher and 
the teaching profession can be served by working for units of adoption less political 
in their boundaries, and more effective in the adaptation of the books selected. The 
abuse of free sampling should be corrected. Desk copies should be furnished by the 
boards of education or by the teachers themselves. The publishers’ right to material 
in books should be respected by all. A larger appropriation for the purchase of books 
should be advocated by superintendents. Much of the seat work, tests, and drill ma- 
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terial should be purchased in manufactured form ready for pupils’ use. All problemsaf. 
fecting the publisher and the teaching profession should be discussed openly and sympa. 
thetically by both parties concerned, with one aim in view, namely, the interest of the 
students to be served. J. W.H. 

Pharmacy a profession of service. H. W. Haccarp. Am. J. Pharm., 103, 
549-54 (Oct., 1931).—A tribute to an honored profession and a world-famous pharma. 
cist, Carl Scheele. G. 0. 

Need of a broader vision among chemists. J. Reap. Nature, 128, 864-5 (Noy, 
21, 1931).—Prof. John Read delivered the fifteenth Bedson lecture at Armstrong College, 
Newcastle-on-Tyne, November 13th. His subject dealt especially with researches on 
essential oils. 

In concluding his lecture, Prof. Read urged his listeners to avoid an undue restriction 
of vision in their chemical studies, and it is advice which we on this side of the Atlantic 
can earnestly consider and well bear in mind. ‘The conditions under which much of 
our chemical research work is carried out at the present day,’’ he said, “‘are such as to 
produce, in the absence of correctives, a species of mental myopia among chemists. We 
chemists should strive to acquire balance and a broader vision; to pay more attention 
to economic and geographical considerations and to the chemical resources of our Em- 
pire; to cultivate an interest in botany, agriculture, and other related branches of 
science; in brief, we should learn to ‘think imperially’ in chemistry. The test tube and 
the still, the transactions and abstracts of our chemical societies, are the tools of our craft; 
but we are citizens of a wider world. Let us stand back from our laboratory benches 
occasionally and contemplate the results of our own and our colleagues’ researches 
against the background of our science, our Empire, and our world.” F. B. D. 


FOREIGN CHEMICAL AND EDUCATIONAL CONDITIONS 


The teaching of the history of science in the University of London. A. Wor. 
Sci. Progr., 26, 275-9 (Oct., 1931).—This article is a report of an address at the Congress 
of the History of Science giving the status of this subject at the University of London 

B. D. 


D.T. 
GENERAL 


The child and science: symposium. Progr. Educ., 8, 437-536 (Oct., 1931)— 
Many noted science educators and teachers contribute to this issue of Progressive Educa- 
tion which is devoted to the importance of science in the elementary school curriculum. 
Many of the articles are illustrated, showing children at work in the science workrooms 
of some of the more progressive schools. The contributors are: Otis W. Caldwell, 
Benjamin C. Gruenberg, Alex Hrdlicka, Kirtley F. Mather, Henry Fairfield Osborn, 
Ellsworth S. Obourn, Edith M. Patch, Holger H. Van Allen, Clara M. Dietz, Bertha 
Stevens, Lillian Putnam, Frederick Reed, S. R. Slavson, T. Swan Harding, F. Martin 
Brown, Lallah Blanpied, Anna M. Greve, Henry H. Paley, Mathilde Koch, and W. Clin- 
ton Allen. C. M. P. 

Exploring the extremes of temperature. D. L. Watson. Sci. News Letter, 20, 
38-9 (July 18, 1931).—‘‘Extreme cold has become a tool for physicists in their study of 
the nature of matter.’’ However, the cold-limit of temperature, absolute zero, has been 
approached only to within 1.6 degrees Fahrenheit. This was accomplished through the 
use of liquid helium. It is estimated that the temperature of interstellar space is 54 
degrees Fahrenheit above absolute zero. 

At the other end of the temperature scale, it is estimated that the internal heat of 
some of the hottest stars may reach the astounding temperature of 72,000,000 above 
zero Fahrenheit. In the laboratories the maximum temperature produced has been 5400 
Fahrenheit degrees. This high thermal point was attained by means of an electric arc 
in a vacuum. Another high artificial temperature has been produced by exploding a 
fine tungsten wire by means of a 50,000-volt current. In this instance the temperature 
level reached was 4500 degrees Fahrenheit. The hottest usable temperature yet pro- 
duced is that of the atomic-hydrogen torch which has made objects as hot as 7600 de- 
grees. This may be contrasted with the 3600 degrees that may be produced by the oxy- 
hydrogen torch. . 

Many other illustrations of temperatures at the extremes of the thermometric scale 
are given. A brief discussion of the conditions of the atoms and molecules at these vati- 
ous thermal states is also a part of the paper. B.C. 

Endless fight for water. J. F. Getpers. Pop. Sci., 119, 42-3, 141-3 (Oct, 
1931).—Droughts intensify not only the fight for moisture for plant and cattle consump- 
tion but man depends upon water for protection from thirst, filth, disease, and fire. Not 
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only has there been a shortage of water in many states, but the quality of that which was 
secured was dangerous. The state of Kentucky alone sent out typhoid serum for a 
million people. The serum attacked germs after they entered man’s body, while ultra- 
violet light, ozone, and chlorine attacked them before entry. B.C, H, 

The effect of sunlight upon man. J. H. Ports. Phi Delta Kappan, 14, 29-32 
(June, 1931).—Beginning with a brief reference to the history of man’s earliest conscious 
appreciation of sunlight the author continues by an account of the very obvious response 
of plant life to solar radiation. 

As would be expected, major attention is given to man’s growing understanding of 
the relation of sunlight to health. Among the values of sunlight enumerated in this 
connection are: its relation to calcium and phosphorus metabolism, its destructive effect 
upon bacteria, its toning effect upon muscles and its more than tanning effect upon the 


Of special interest to the chemist is the account of the relation of ultra-violet radia- 
tion upon foods to their vitamin content and how vitamin D effects are forthcoming from 
foods so treated. How cod-liver oil ‘‘gets its sunlight’’ is another item of interest. 

B.C 


The sun an atom builder: a new theory. H.N.RussELty. Sci. Am., 145, 232-3 
(Oct., 1931).—The sun sends out 4,200,000 tons of heat every second and has been doing 
so for the thousand million years or more of geologic time. Whence the source of all this 
energy? The author comments briefly on older theories relating to the origin of the 
sun’s heat and then propounds the theory that a process of atom building is going on in 
the sun which may account for the sun’s source of heat. The theory maintains that in- 
sufficient time has elapsed to build up atoms heavier than sodium so that other factors 
must be at work to produce the heavier atoms. C. M. P. 


Basis of Einstein relativity theory still stands. The foundations of the Einstein 
relativity theories have been in part reaffirmed by a repetition at the Zeiss works at 
Jena of the famous Michelson-Morley 1887 experiment, the surprising result of which 
later stimulated Prof. Albert Einstein to develop his theories. 

There is no ‘‘ether wind” flowing through the atmosphere because of the motion of 
earth through space. This deduction made by the late Prof. A. A. Michelson and his 
colleague from their experiment was again verified in Jena by Dr. G. Joos. 

Numerous repetitions of the Michelson-Morley experiment with a similar apparatus 
have been made by Prof. Dayton C. Miller of the Case School of Applied Science working 
both at Cleveland and at the Mount Wilson Observatory of the Carnegie Institution of 
Washington. Dr. Miller has, however, detected a constant drift of the earth of about 
ten kilometers per second which, though only about a twentieth of the estimated velocity 
of the solar system through space, is in agreement with the original experiment of 
Michelson and Morley. 

The latter experimenters, contrary to general belief, did not obtain an absolutely 
null result. No explanation of this small drift has yet been given. 

The experiment consists in trying to detect a difference between the time required 
by a beam of light to travel between two points with the direction of the earth’s motion 
and back again as compared with the time of travel perpendicular to the line of motion of 
the earth. The two beams are made to interfere with each other and produce a char- 
acteristic pattern. 

Each of the four arms of the Joos apparatus, constructed with the coéperation of the 
Zeiss Optical Company, was over two yards long. The whole was made of quartz glass 

and suspended on numerous fine springs. By the use of mirrors the total path of each 
fay in this interferometer was made 21 feet. Rotation of this apparatus through a 
tight angle should, if there is an ether-drift, cause a shifting of the pattern. No move- 
ment was observed.— Science Service 
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A NEW SCIENCE BUILDING AT HENDRIX COLLEGE 
FONTAINE Reves,* Henprix CoLLece, CONWAY, ARKANSAS 


from a long sojourn in Europe, where he 
had attended meetings of some of the most 
learned scientific societies in the world 
and had spoken at leading German upi- 
His name coupled with the 
dedication of a new $200,000 science 
building in Arkansas was news. Over 


Nothing short of nation-wide attention 
came to Hendrix College, December 5, 
1931, when her new science hall was 
dedicated. It happened that Jonn D. 
ROCKEFELLER through the General Educa- 
tion Board of New York City, had built the 
structure—one of three in the south and 


versities. 











(Left to Right) Dr. Ropert A. MILLIKAN, Dr. Joun Hucu Reynotps, President, th 
BisHop Hoyt M. Dosss, GeorGE W. DoNnaGHEy, Former Governor of Arkansas, AND an 
H. C. Coucn, Chairman, Board of Trustees of Hendrix College, PARTICIPATED IN THB ele 
DEDICATORY EXERCISES OF THE NEW SCIENCE HALL, DECEMBER 5, 1931 grt 


three thousand people visited the Hendrix 
campus that day, half of them coming 


the only one west of the Mississippi 
River—and that Dr. Ropert A. MILLI- 


KAN, Nobel prize winner in physics and 
one of the foremost of living physicists, 
was principal speaker at the dedicatory 
services. Dr. Millikan had just returned 





* Major in Chemistry. 


from beyond the city limits of Conway. 
The dedication marked the opening of a 
really fine building and pointed toward 
rapid progress in the dissemination of 
scientific truth throughout Arkansas. 
Dr. Joun Hucu Reyno ps, president 
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Tue New SCIENCE BUILDING OF HENDRIX COLLEGE 


children better opportunities, to grow 
in knowledge and in understanding— 
when it forgets that this is the real 
purpose of living, then and only then 
is its case hopeless, no matter what 


of Hendrix, opened the dedicatory ser- 
vices, saying: ‘‘Hendrix College, like the 
church (Methodist Episcopal, South) 
which founded it, is not afraid of the truth, 


ident, 
, AND 
| THE 


ndrix 
ming 
way. 


even in the field of science.” 
Dr. Millikan said in part: 


The dedication of a new laboratory 
of science, designed for both instruc- 
tion and research, at this particular 
time, in this particular part of the 
United States, to be supported in this 
particular way by funds privately 
contributed, is an event of more than 
passing importance. It is significant 
first because it shows that even in 
this time of unusual financial difficulty 
and distress, the most important 
element in human life, namely, the 
growth and dissemination of knowl- 
edge, has not been pushed completely 
out of sight by our immediate bread 
and butter needs, severe though these 
be. Whenacommunity forgets that it 
exists, not solely nor even primarily to 


its accumulated wealth or its past ac- 
complishment may be, and no matter 
how barren a past it has to look back 
upon or how limited its present situa- 
tion. 

The occasion is significant, in the 
second place, because it is typical of 
an effort and a tendency which must 
repeat itself many times all over 
the length and breadth of the United 
States, if this country of ours is ever to 
become what our fathers fondly hoped 
and believed it was, namely, a beacon 
light to illuminate the path which 
leads away from despotism and its 
inevitable consequence eternal war, 
and on toward free, stable, vote-deter- 
mined and therefore peaceful govern- 
ment—in a simple phrase, the path 
which leads from bullet government to 
ballot government. 


of a feed its hungry mouths, to clothe and The science faculty at Hendrix is com- 
ward eae shivering bodies, to repro- — posed of Da. M. J. McHenry, Dr. L. O. 
n of aise Rymareahinn, erat Leacu, professors of both physics and 


sion its kind; but rather to improve 
itself, to solve its unsolved problems, 
ident to learn from its mistakes, to give its 


chemistry, and Dr. E. A. SPESSARD, 
professor of biology. 
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The Structure* 


The building is practically a five-story 
structure, if one counts in the full-size 
basement, and the roomy attic, which 
may one day become a museum. It is 
one hundred twenty-five feet ten inches 
long, and sixty-four feet six inches wide. 

Since the whole structure was built 
around the stockrooms, one of which is 
on each of the three major floors, it may 
be well at first to inspect the unpacking 
room. Opening to the outside through 
a door large enough to accommodate a 
truck, the unpacking room is sufficient 
to care for the needs of years of growth. 
When apparatus is uncrated, the parcels 
may be arranged on a number of shelves 
against the walls, while a part of the bulky 
apparatus not often needed is stored in 
an adjoining room. Acids and bases and 
reagents bought in quantity are stored ina 
dark room nearby. All of these chambers 
are well arranged around the shaft of the 
large automatic freight elevator. Con- 
venience and dispatch in placing at the 
disposal of students all apparatus and all 
modern advantages contained in the 
structure was the first aim of the builders. 
Through the arrangement of storage space, 
and stockrooms, this goal was attained. 

In the basement is a large room which 
has been designated as a machine shop. 
At the other end of the hall is the battery 
and motor-generator room. Cost of 
electric switchboard panels was so high 
that not all of them were installed before 
the opening of the building, while but 
little of the electrical equipment, such as 
the motor generator, has been bought. 
Direct current in voltages ranging from 
1 to 110, and alternating current at 110 
volts and 220 volts will eventually be 
available to all students on each laboratory 
desk in the building. 

As one goes up the steps from the 
lobby, one faces on the first floor the 


* Erected under direction of G. L. 
BAHNER, business manager, and M. D. 
BEEMAN, superintendent of construction, 
Hendrix College. 
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physics lecture room which has a seating 
capacity of forty. There is a flat-top 
lecture desk at the front, and against the 
wall not far away a hood and a series of 
shelves. Convenience in lecture experi. 
menting is noticeable. Behind the table 
is a door which leads to the stockroom, 
The walls are of rough white plaster, while 
the floor of black and red squares of tile 
is in contrast to a brownish composition 
board ceiling, from which hang shaded 
lights. 

Standing outside the door of the lecture 
room, one may look either way down a 
long hall, at each end of which is a 
laboratory. On each side of the corridor 
there are many doors, all of which are 
exceedingly large, oversize to make the 
moving of equipment more convenient. 
In almost regular fashion they open off, 
counting out from where one stands, a 
door to the elevator shaft, and one to the 
stockroom; and on the opposite side 
of the hall, a door to an instructor's 
office, one to his private laboratory, the 
third to a small laboratory, and at the 
end of the passageway two large labora- 
tories. In the other direction may be seen 
a door to a library, one to an instructor's 
office and one to his private laboratory, 
and at that end of the hall two more large 
laboratories. This is, roughly, the ar- 
rangement of each floor. A foot square 
are the black and red checks of tile which 
make the floor. White are the plastered 
ceiling and the walls, while the wain- 
scoting, reaching four feet up from 
the floor, is a shaded tan tile. The heavy 
doors are of dark oak. 

The plan of study at Hendrix is largely 
free. Little coercion is placed on stt- 
dents, so that their courses may be of the 
greatest variety. Notable in the policy 
of the college is the fact that Hendrix is 
one of seven or eight colleges in all of the 
southern states that requires a three-hour 
oral examination on completion of the 
college course before a degree is granted, 
and that Hendrix is a pioneer in offering 
students opportunities for independent 
study (which may become research if the 
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student is capable) in every field in which 
amajor may be earned. It is for students 
who are carrying on advanced work of this 
type that the small laboratories were 
designed. These laboratories are of such 
size that six or seven may work comfort- 
ably in them, or that one person may 
have ample space for any purpose. Special 
apparatus has been made a part of the 
furniture of each of these rooms, so that 

a student working on any particular 

problem may have in one of the labora- 

tories the equipment he needs. 

On the physics floor there are two such 

rooms as these. Besides, there is the 
general physics laboratory, which will 
accommodate twenty-four students at a 
time, and a physical chemistry laboratory, 
in which is found a convenient place to 
carry on experiments in that field. Par- 
ticularly interesting are the two stone 
pillars which, each about the size of a 
table, come up through the floor of the 
physics laboratory. The two pillars have 
their foundation in the earth, and in 
passing through the floor of the basement 
and that of the main floor, they are not 
in contact with these, so that special 
apparatus, galvanometers, and the like 
may be placed on the structures, away 
from any jars or tremors made in the build- 
ing by walking or hammering. A seismo- 
graph may one day be installed in a room 
in the basement. 

Each instructor’s quarters consist of a 
large room for a laboratory, and of a 
small one for an office. The laboratory 
has a long working table with a hood at 
one end. On it are all the conveniences 
of the student workshop: compressed 
air, steam, gas, vacuum, water, and 
electricity available at arm’s length. 
There is on one wall a shelf where the 
instructor’s balances are kept, and on the 


other side of the room a set of shelves for * 


storing apparatus and supplies. Part of 
the apparatus is specially made for re- 
search. In the building there are six 
such suites as this, two on each of the 
three main floors. 

The biological floor is probably the 
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most beautiful in the building. The 
lecture room is on the west end. The 
general laboratory for biology is on the 
north side of the building, and not even 
in high winter will the sun’s rays come 
directly through the windows; indirect 
light, the best available for one who is 
using a microscope regularly, is always 
ready. The tables in the general bio- 
logical laboratory are trapeziform, twelve 
feet long, one end under a window, and 
the other stopping abruptly in the middle 
of the room. They are so shaped to make 
interference impossible between a worker 
and the window. Light for the micro- 
scopes must always be available. 
Adjoining this laboratory there is 
a large room where flowers and ferns 
and many other plants are growing. The 
room looks like a greenhouse. At the 
far end of the building are the anatomy 
and plant morphology laboratories, which 
are particularly well equipped. Next to 
them is the dark room where pictures 
may be developed. It is a large chamber, 
cut off from even the slightest ray of 
light. Though a careless student left 
the door to it-open, no damage would 
be done within, for between the door and 
the room is a hallway arrangement 
which cuts off all light from the outside. 
The growing room is located diagonally 
across the hall. It isa large room, witha 
series of specially built tables, containers 
for storing sand and soils, a great tank for 
storage of rainwater, and drains from the 
desk tops. A small dark room for growing 
purposes is next to this room. Light 
to the big open-top desks on which soils 
and plant beds are made comes to the 
piants from large south windows. 
Upstairs are the chemistry quarters. 
The lecture room is a large chamber, seat- 
ing sixty students. The lecture desk is 
a long table, on the back of which are 
many drawers for storing apparatus used 
in classroom experiments. Water, gas, 
compressed air, and electricity are avail- 
able. Built into the top of the desk is a 
convenient soapstone sink, as on other 
lecture desks in the building. The top 
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is one of wood, specially treated to resist 
acids and bases. 

Laboratories are large and well lighted. 
On one side of each of them is a battery of 
hoods, so that all students may have space 
to place gas-making apparatus. Each 
of the four large laboratories will accom- 
modate forty-eight students. Conven- 
iences include a side shelf practically 
equidistant from all the desks. Reagent 
shelves run down the middle of the stu- 
dents’ desks, under which are held the 
pipes which distribute gas and water, etc. 
Interesting is the large air circulator 
placed against the wall in each laboratory. 
It is so built that air may be brought in 
from outside the building, heated, and 
forced into the room, or that air within 
the room may be further heated and 
fanned about. Freshmen laboratories 
have the advantages of other laboratories, 
plus the features of built-in, down-draft 
hoods; that is to say, there are square 
holes spaced regularly in the desk tops, 
through which fumes are sucked away as 
rapidly as gas-making apparatus (which 
of necessity must be near them) generates 
poisonous fumes. The tops of all labo- 
ratory desks are of wood, treated to 
resist acids and bases. The tops were 
given thorough tests before being pur- 
chased and were found to resist dilute and 
concentrated, cold and hot, hydrochloric, 
sulfuric, and nitric acids, potassium and 
sodium hydroxides, and various cleaning 
solutions. Such tops as these were pur- 
chased to save cost of equipment and 
because glassware is not nearly so easily 
broken on them as on stone. 

The weighing room, located next to 
the analytical laboratory, is not a large 
room. The shelves which hold the bal- 
ances are securely bolted to the walls. 
To jar the floor will not disturb the 
swinging of the beam of a balance. Light 


comes to the room through a north 
window, avoiding inaccuracies in weighing 
which might be caused by expansion of 
length of a balance arm through the 
sun’s heating the metal. 

In the chemistry library, the books will 


FEBRUARY, 1932 


be available at all hours. The honor 
system will regulate their use—a student 
will have only to sign a card to get a 
book, after locating it himself, The 
biology and physics departments haye 
separate libraries on their own floors, 
The chemistry stockroom is particularly 
large. Steel shelving and steel bins make 
room for all chemicals and apparatus 
which may be needed day after day, A 
sink is placed against a wall in a corner 
of the room, a hood next to it, so that 
special solutions needed by students may 
be compounded on demand. There opens 
on the hall a shelf at which students may 
call for the materials they need. It js 
equidistant from the four main labora- 
tories on the floor. In a corner of the 
room is a dark closet, equipped with 
shelves for the keeping of chemicals 
which may be decomposed by light. A 
wheel carrier is often seen in the stock- 
room, loaded with chemicals. It may be 
taken on the electric freight elevator to the 
unpacking room, loaded with a supply of 
materials, wheeled to the elevator, and 
taken upstairs to the storage shelves. 
Plumbing throughout the building was 
so arranged that repair may be effected 
when necessary without tearing into a 
wall. At each end of the building there 
is a pipe chaser from the front to the 
back of the building, from the ground 
to the attic, in which all pipes and ducts 
are laid. Doors here and there open 
onto the chaser so that workmen may 
reach the defective parts without trouble. 
In the attic are located the seven great 
fans which suck air up from hoods in all 
parts of the structure. They are run by 
electric motors which may be controlled 
by switches located near each hood. In 
the attic too is the central still for prepara- 
tion of distilled water, with a capacity 
of five to seven gallons an hour. It is 
operated by superheated steam, carried 
from a special boiler in the basement to 
the still through guarded pipes. Block 
tin pipes by gravitation carry the watet 
to all laboratories. If a museum were 
to grow up, there is ample room for setting 
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many exhibition cases and arranging 
material on display. The fact that the 
elevator serves even the attic makes it 
possible to haul up large pieces of equip- 
ment. 

The walls of the classrooms are not 
sound proof, being only partitions. Since 
the whole building is supported part by 
part by steel framework, there is no 
weight on the walls between one room 
and another. The partitions may be 
taken away, and set up in a new order, 
so that the floor plans may be changed 
somewhat if ever a need is found. There 
is flexibility in the size of a classroom or 
in the size of a laboratory. 

The beauty of the structure from the 
outside is striking. Arkansas limestone 
marks the front, forming an irregular 
trimming. It is found along the lower 
part of the front, near the windows, 
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scattered everywhere about the entrance, 
and perched happily around the peak of 
the smokestack at the back of the struc- 
ture. The stone is a beautiful white. 
A large block of it over the entrance bears 
the raised words ‘‘Science Hall,” and 
higher still in another slab has been 
chiseled a sun dial. 

Red face bricks join the limestone blocks 
to form walls. Heavy slits in the brick 
expanses serve for windows, which are 
symmetrically placed, with steel sashes. 
Rain washing across the red tile roof will 
be caught in heavy copper gutters. 
Dormer windows which light the attic 
break out from the roof. 

The building will serve Arkansas young 
people in science for many years, placing 
many opportunities before them, and 
serving to inspire them to enthusiastic 
endeavor in the world of science. 


PRELIMINARY ANNOUNCEMENT, SPRING MEETING OF THE A. C. S. 


New Orleans, March 28-April 1, 1932 


General Program 


The 83rd meeting of the American 
Chemical Society will be held in New 
Orleans at a time which fortunately coin- 
cides with the Easter recess in a large 
number of educational institutions. The 
Louisiana Local Section of the Society will 
act as host. 

The A. C. S. Council meeting will be 
held Monday morning, March 28. On 
Monday afternoon there will be a general 
program for the whole society, while Tues- 
day and Wednesday will be devoted to 
four half-day sessions in charge of the 
vatious Divisions. 

A preliminary announcement concern- 
ing registration, housing, railroad rates, 
and such program features as are known at 
the time, will appear in the January 20th 
News Edition of Industrial and Engineer- 
ing Chemistry. 


Divisional Program 


The Division of Chemical Education 
will codperate in a joint symposium on the 


“Relation of Chemistry to Biology and 
Medicine.’’ Two additional half-day ses- 
sions will be devoted to the reading of 
miscellaneous papers and one to a meeting 
of the Senate and standing committees. 

On Tuesday, March 29, local teachers 
of chemistry will be invited to attend the 
meetings of the Division and to be present 
at the luncheon which has become one of 
the features of our semi-annual programs. 

The editors of the JouRNAL oF CHEMI- 
CAL EpucaTion and The Chemistry Leaflet 
will meet as usual and there will be a busi- 
ness meeting of the Division at the close of 
the last session. 


Notice to Authors of Papers 


Papers for the symposium will be by in- 
vitation. Authors of miscellaneous papers 
are earnestly requested to codperate as 
follows: 

1. Submit at once to the Secretary of 
the Division the titles of proposed papers, 
together with an estimate of the minimum 
time required, exclusive of discussion. It 
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is the seasoned opinion of many members 
of the that no author should 
read more than an abridgment of his 
paper; that a very real value to both 
author and listeners lies in the discussion. 

2. Do not send in a title unless you or 
your co-author expect to be present to read 
the paper. 

3. The name, address, and professional 
connection of the author (and each co- 
author) must accompany the title. 

4. As soon as possible, and in no event 
after March 1, send (1) your manuscript 
and (2) an abstract of not more than 100 
words to the Secretary of the Division. 
Papers received after this date will be held 
over, with the author’s consent, for a sub- 


Division 


sequent meeting. 

5. Organize significant features on 
slides or films or in mimeographed form for 
distribution at the meeting. These de- 
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vices and, in particular, experimental illys. 
trations enhance the value of any Paper, 
(The amount of material on any one slide 
should be strictly limited.) 

6. No paper already submitted for 
publication in other journals should he 
offered for the program. 

7. Papers read before the Division be. 
come the property of the Society and, if 
acceptable for publication, will appear 
later in the JoURNAL OF CHEMICAL Epy- 
CATION. 

8. By vote of the Council of the A, ¢. 
S., papers by American chemists who are 
not members of the A. C. S. shall not ap- 
pear on the program unless they be joint 
papers with Society members. 

R. A. BAKER, Secretary 
College of the City of New York 
17 Lexington Avenue 
New York, N. Y. 


WILL CONTRIBUTE TO SUMMER 


SESSION OF HOPKINS CHEMISTRY DEPARTMENT 


Conferences on “Recent Developments in Chemistry” 


An innovation in the conduct of the 
summer session of The Johns Hopkins 
University chemistry department will 
provide this year a unique opportunity 
for teaching and industrial chemists to 
confer with authorities of national and 
international repute in a series of courses 
that will be worked out as conferences 
in the research phase of the science, and 
will be so planned as to suit the con- 
venience not only of persons registering 
for the full session, but will be particularly 
adjustable to those on limited leave. 
In addition to the regular theoretical and 
laboratory courses in general, physical, 
organic, and analytical chemistry, a series 
of conferences on ‘“‘Recent Developments 
in Chemistry” has been arranged in 
weekly sections, to be conducted by 
members of the Hopkins faculty, an 
important feature of which will be lec- 
tures by visiting specialists, including 
Dr. CLAuDE S. Hupson, of the National 
Institute of Health, Dr. PHorsus A. 


LEVENE, of the Rockefeller Institute of 


Medical Research, and PROFESSOR 
HaroLp C. Urey, of Columbia Uni- 
versity, whose past and present researches 
are notably developing their respective 
fields and gaining for them extensive 
recognition throughout the profession. 

By a special arrangement it will be 
made possible for a teacher or industrial 
worker to register, if desired, for as short 
a time as one week’s conference, if his 
inclinations or convenience preclude his 
attendance at the entire course. Such 
registration will be at the nominal fee 
of $5.00 per week, or $25.00 for the six 
weeks’ period. Any student regularly 
registered in the summer session may 
take this series of conferences as 4 
graduate credit course without additional 
charge. 

The schedule of conferences to date on 
“Recent Developments in Chemistry” is 
as follows: 

June 27-July 1: “Raman Effect and 
Problems in Molecular Structure.” (Di- 
rected by Dr. D. H. ANDREWS.) 
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Current problems in molecular struc- 
ture will be discussed particularly in the 
light of evidence from Raman spectra 
and band spectra in the infra-red and 


yisible regions. Some demonstrations of 
experimental technic will be given and 
the use of these spectra as tools in chemi- 
cal research will be emphasized. The 
week will close with a general discussion 
grouped around papers by the invited 
lecturers: PRorFESSOR Haroip C. Urey, 
Columbia University; Dr. OLIver R. 
Wutr, Fixed Nitrogen Laboratory, Wash- 
ington, D. C.; Dr. JoHNn R. BArEs, 
Princeton University; Dr. HENRY 
Eyrinc, Princeton University. 

July 5-9: ‘Colloidal Chemistry.” 
rected by Dr. W. A. PATRICK.) 

The conferences will include a general 
discussion of the recent theories on col- 
loidal behavior and their applications 
to adsorption and other colloidal phe- 
nomena of importance in nature and in the 
industries. 

InvirED LecrurerRS: ‘‘The Colloidal 
Behavior of High Polymers,” Dr. E. O. 


(Di- 


KraEMeR, E. I. du Pont de Nemours 
Company. 
July 11-15: ‘‘Catalysis.’’ (Directed 


by Dr. J. C. W. FRAZER.) 

The conferences will take up recent 
developments in the field of catalysis 
and their application to industrial proc- 
esses. The first two or three conferences 
will deal more specifically with the present 
theories of chemical reaction velocities, 
especially in heterogeneous systems. 

InvitreD LecTruRERS: Dr. P. H. Em- 
METT, Fixed Nitrogen Research Labora- 
tory; Dr. A. B. F. Duncan, The Johns 
Hopkins University. 

July 18-29: ‘Relation of Structure to 
Constitution of Organic Compounds.” 
(Directed by Dr. E. E. Rew.) 

Theories (July 18-22): The relation of 
theory structure to physical properties, 
melting and boiling points, optical ac- 
tivity, etc., and to chemical properties 
stich as reactivity. 

InvireD Lecturers: ‘‘The Use of the 
Electronic Theory in Elucidating Re- 
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actions in Organic Chemistry,’’ Dr. M. 
S. Kwarascu, Professor of Organic Chem- 
istry, University of Chicago, Chicago, 
Illinois. 

“Chemical Structure and Optical Ac- 
tivity,’ Dr. P. A. LEvENE, research 
chemist, The Rockefeller Institute for 
Medical Research, New York City. 

“An Extension of Emil Fischer’s Proof 
of the Configurations of the Sugars,”’ 
Dr. C. S. Hupson, Professor of Chemistry, 
National Institute of Health, Washington, 
D.C; 

Applications (July 25-29): The de- 
signing of organic compounds for specified 
purposes as illustrated in chemotherapy 
and in the arts. 

INVITED LECTURERS: “The Present 
Status of Possibilities and Limitations in 
Regard to the Relationship between 
Chemical Structure and Physiological 
Action,’”’ Dr. Davin I. Macut, director of 
Pharmacological Research Laboratory, 
Hynson, Westcott & Dunning, Baltimore, 
Maryland. 

“The Relation of Structure to the 
Color of Dyes,’’ Dr. R. E. Ross, E. I. 
du Pont de Nemours & Company. 

August 1-5: “The Preparation and 
Properties of Free Alkyl Radicals.” 
(Directed by Dr. F. O. Rice.) 

The conference will comprise a study of 
the original method of Paneth and co- 
workers for the preparation of free methyl 
and ethyl groups followed by a study of 
the methods developed in the laboratory 
of The Johns Hopkins University. 

The mechanism of the decomposition 
of organic molecules will also be discussed, 
especially from the standpoint of free 
radical formation. 


Other Interesting Features of the Session 
CouRSES 


Another course of the Hopkins summer 
session of particular interest to chemistry 
teachers will be the course in Under- 
graduate Curriculum Content. This will 
be worked out with a view to the de- 
velopment of an improved curriculum for 
undergraduate chemistry students and 
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will be conducted to some extent in 
connection with the conferences on ‘‘Re- 
cent Developments in Chemistry.” At- 
tendance at the latter will not be de- 
manded, but will be encouraged as pro- 
viding an invaluable opportunity for 
teachers to select at first-hand and to 
organize material from up-to-date de- 
velopments. 

Registrants in the course on History 
of American Chemistry will have the 
privilege of conferring with Dr. C. A. 
Browne, Chief, Chemical and Tech- 
nological Research, Bureau of Chemistry 
and Soils, Washington, D. C., one of the 
most prominent authorities in this field. 


Pusiic LECTURE SOUND FILMS 


The following sound films will be pre- 
sented as public lectures during the sum- 
mer: June 30, “Cosmic Ray,” Dr. R. A. 
MILLIKAN, director, California Institute 
of Technology, Pasadena, Calif.; July 
14, “Oil Films on Water,” Dr. IRvING 
LANGMUIR, assistant director, Research 
Laboratory, General Electric Company, 
Schenectady, N. Y.; July 28, “Some 
Biochemical, Pharmacological, and Medi- 
cal Experiences as Told to Chemists,” Dr. 
Joun J. ABEL, professor of pharmacology, 
The Johns Hopkins Medical School, 
Baltimore, Md. 


KELLOGG ELECTED SECRETARY 
EMERITUS OF NATIONAL RESEARCH 
COUNCIL 


The election of Dr: VERNON KELLOGG 
to the newly created post of secretary 
emeritus of the National Research Council 
was announced by the executive board of 
the National Research Council following 
the resignation of Dr. Kellogg as per- 
manent secretary, an office that he has held 
for the past twelve years from the time 
that the National Research Council 
began its activities on a peace-time basis. 
Dr. Kellogg’s resignation as permanent 
secretary became effective December 31, 
1931. The new position continues Dr. Kel- 
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logg’s work and affiliation with the National 
Research Council in an advisory capacity, 
while he is relieved of administrative 
duties which his health does not permit 
him to carry on. 

During the World War, Dr. Kellogg 
served as a leading staff member of 
Herbert Hoover’s Commission for Relief 
in Belgium, the Food Administration and 
the American Relief Administration, and 
he was also chairman of the biology 
committee of the National Research 
Council when it was associated with the 
government during the war. For more 
than twenty-five years prior to the war 
Dr. Kellogg was professor of entomology 
at Stanford University. He is the author 
of numerous books on biology and other 
subjects. Under his administration, the 
National Research Council, which is a 
part of the National Academy of Sciences, 
with offices in a beautiful building opposite 
Lincoln Memorial in Washington, has 
served to codrdinate and encourage re- 
search in various science fields, and in- 
augurated the system of National Re 
search Fellowships.—Science Service 


U. S. DELEGATES TO INTERNA- 
TIONAL UNION OF CHEMISTRY 


The Division of Chemistry and Chem- 
ical Technology, National Research Coun- 
cil, has recommended the following persons 
as delegates to the Madrid meeting of 
the International Union of Chemistry, 
April 3-10, 1932: 

Members of the Council of the Union: 
JoHN JOHNSTON, CHARLES L. REESE, 
FRANK C. WHITMORE, W. D. BANCROFT 
(alternate for CLAupE S. Hupson), ED- 
WARD Bartow (alternate for CHARLES 
L. Parsons), and H. E. Hows (alternate 
for James B. Conant). Delegates: PERRY 
A. Bonn, HippoLyTE GRUENER, J. R. M. 
Kotz, Henry G. KNIGHT, HERBERT 
RB. Moopy, MERLE RanpaALt, R. R 
SavEeRS, ALEXANDER SILVERMAN, and 
E. W. WASHBURN. 

The International Union of Chemistry 
will meet at the same time as the Ninth 
International Congress of Pure and 
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Applied Chemistry.—News Edition, Ind. 
Eng. Chem. 


GRADUATE FELLOWSHIPS OF THE 
AMERICAN ASSOCIATION OF UNI- 
VERSITY WOMEN 


The American Association of University 
Women awards annually from ten to 
thirteen graduate fellowships ‘“‘to en- 
courage women to devote themselves to 
scientific work and scholarly pursuits.” 
Six of these fellowships are memorials 
raised by groups of college women to 
honor women who have played a part in 
the educational history of America: the 
Alice Freeman Palmer Fellowship, the 
Julia C. G. Piatt Fellowship, the Rose 
Sidgwick Fellowship, and the Mary 
Pemberton Nourse Fellowship; the as- 
sociation also awards the Sarah Berliner 
Fellowship established by Dr. Emir 
BERLINER in memory of his mother, and 
the fellowship offered by the Alpha Xi 
Delta Sorority. Fellowships established 
by the Association are: the A. A. U. W. 
European Fellowship (established in 1890), 
the International Fellowship, the Latin- 
American Fellowship, and the Margaret 
E, Maltby Fellowship. The Boston 
Alumnae Fellowship, which is awarded 
by the association, was raised by the 
Boston branch and alumnae associations 
of the near-by colleges.* The Northwest 
Central Section also supports a fellow- 
ship. 

The number of fellowships awarded 
varies from year to year, as several are 
biennial and one triennial. The stipends 
tange from $1000 to $2000, the majority 
being for $1500. Of the fellowships 
administered by the association, three are 
for foreign students, one for an American 
woman to study abroad, one for scientific 
tesearch, one for advanced work in public 
health, two for advanced work by women 
who intend to make teaching their profes- 
sion, two for advanced work in the field of 
the social sciences, three for advanced work 
in any field. In general, it is the policy 
to make awards to women who have 
already made some progress in their 
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graduate studies, and who offer promise 
of distinction in their fields. 

The association is now engaged in a 
campaign to raise a fund of a million 
dollars for the endowment of additional 
fellowships. Of this sum $160,000 has 
already been secured. 

Applications for further information 
should be addressed to the American 
Association of University Women, 1634 
Eye Street, N. W., Washington, D.C.— 
School & Society 

* See “Scholarship Offered by American 
Association of University Women,” J. 
Cuem. Epuc., 9, 181 (Jan., 1932). 


BURGESS RECEIVES PERKIN MEDAL 


The Perkin Medal meeting of the 
Society of Chemical Industry, the Ameri- 
can Chemical Society, the Electrochemical 
Society, and the Société de Chimie Indus- 
trielle was held on January 8, 1932, at 
8.30 p.m. at the Hotel New Yorker, New 
York City. The medal was presented to 








News Ed., Ind. 
Eng. Chem. 





Dr. C. F. BurcEss, of the Burgess Labora- 
tories, Madison, Wisconsin, for his achieve- 
ments in the field of electrochemistry. The 
program consisted of an account of the 
accomplishments of the medalist by 
Howarp F. Werss; the presentation of 
the medal by Dr. Marston T. BoGERT 
of Columbia University; and an address by 
Dr. Burgess on ‘‘Research ‘for Pleasure or 
for Gold’.” 
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THE UNIVERSITY OF WISCONSIN 
RESEARCH PATENTS 


Patents on eleven processes discovered 
by twelve members of the faculty of the 
University of Wisconsin are controlled in 
the public interest and at the same time 
protected from possible unrestrained ex- 
ploitation by the Wisconsin Alumni 
Foundation at the university. The 
peoples of twelve nations in various parts 
of the world are protected by these 
patents which are held at the University 
of Wisconsin. The nations in which they 
have either been taken out or applied for 
include the United States, Canada, Great 
Britain, France, Belgium, Germany, Argen- 
tine, Italy, Norway, Sweden, Denmark, 
and Brazil. 

The foundation, the only one of its kind 
in existence at any university or college, 
is an organization through which the 
results of research at the university are 
used for the public benefit through corpo- 
rate channels. Established in 1925, its 
purposes according to its charter are: 

To promote, encourage, and aid 
scientific investigations and research 
at the university and to assist in pro- 
viding the means and machinery by 
which the scientific discoveries and in- 
ventions of the staff may be developed 
and patented and the public and com- 
mercial uses thereof determined; and 
by which such utilization may be made 
of such discoveries and inventions and 
patent rights as may tend to stimu- 
late and promote and provide funds for 
further scientific investigation and re- 
search within said university. 

The most recent scientific discovery, for 
which a patent has been applied for, is the 
new welding process invented recently by 
PROFESSOR EDWARD BENNETT. 

Other processes on which the foundation 
has patent rights and the names of those 
responsible for their discovery are: anti- 
rachitic activation of medicinal and food 
products by ultra-violet irradiation, by 
PROFESSOR HARRY STEENBOCK; improve- 
ments in process of producing lactic and 
acetic acids, by Proressors E. B. Frep 
and W. H. Patterson; liquid air freezing 
of hard-shell seeds, by W. Busse; use 
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of copper and iron salts in anemia, by 
PRroFEssor E. B. Hart; acetic acid and 
glucose fermentations of cellulose, by P. 4. 
TETRAULT; apparatus for measuring 
venous pressure, by PROFESSOR J. A. B. 
EysTER; leavening agent, by E. O, Wuc; 
mechanic’s cleanser, by PROFESSOR Fp. 
RINGTON DANIELS; pituitary hormones, by 
PROFESSOR F. L. Hisaw; and marine 
paint, by Dr. L. C. Hurp.—Science 


INVESTIGATION OF COLLEGE 
TEACHING BY THE AMERICAN ASS0- 
CIATION OF UNIVERSITY PROFES- 

SORS 


A comprehensive investigation of teach- 
ing in the colleges and universities of the 
United States under the direction of the 
American Association of University Pro- 
fessors has been made possible by a grant 
of $20,000 from the Carnegie Corporation 
and Foundation. 

The investigation will include a syste- 
matic examination of the actual conditions 
of instruction with a view to setting up 
principles of discrimination between good 
and bad teaching. It will seek to find 
methods of promoting effective teaching 
both among those now engaged in the 
profession and of those young instructors 
who are preparing to enter it. 

The plans outlined according to PRo- 
FESSOR WILLIAM B. Munro, president of 
the association, include the appointment 
of a full-time field agent who will visit a 
considerable number of American colleges 
and universities which have been conduct- 
ing experiments along the line of improved 
teaching methods. The committee which 
is to have general charge of the investi- 
gation has not yet been appointed, but itis 
understood that it will include nine well 
known educators chosen from the various 
fields of collegiate instruction. The survey 
will include the work of various agencies 
which have been investigating the methods 
of instruction in English, history, mathe- 
matics, and other individual subjects. 

Officers of the association pointed out 
the great significance of the fact that the 
official organization of the college professors 
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of America is undertaking this searching 
examination of the standards and 
efficiency of its own members. It proves, 
they said, the deep interest of college 
teachers not only in the protection of 
academic freedom and tenure, but in the 
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improvement of professorial efficiency in 
every respect. The results of the investi- 
gation will be sent to the eleven thousand 
college professors who now constitute the 
association’s membership—School & 
Society 


SCIENCE MAKES NOTABLE STRIDES IN 1931 


(Copyright 1931 by Science Service) 


Upon every frontier of science there 
were important advances during 1931. 

Extremely promising are the explora- 
tions into the hitherto hidden life of 
the microscopic world that were made in 
several laboratories, particularly that of 
Dr. ARTHUR I. KENDALL of Northwestern 
University. By feeding germs more na- 
tural foods he persuaded them to change 
into invisible forms, a discovery that may 
greatly influence the course of man’s 
attack on his disease foes. 

The search for missing chemical ele- 
ments predicted years ago by the periodic 
table was probably ended by the dis- 
covery of element 85, although a con- 
troversy arose over the discovery of the 
next to the last of the missing elements, 
number 87, by Pror. PApisH and EUGENE 
Warner, which was also reported found 
by Pror. FRED ALLISON and associates 
of the Alabama Polytechnic Institute. 

The first all-American telescope mirror, 
world’s third largest, cast in .America, 
figured in America, and used in America, 
was put in operation at Perkins Ob- 
servatory. 

Important to astronomy also was SIR 
ARTHUR EDDINGTON’S derivation of the 
size of the universe from the laws of 
quantum mechanics and the continued 
discussion of the meaning of the discovery 
that the universe is expanding at a terrific 
rate. 

A new building block of matter was 
presented to physicists and chemists when 
aresearch group discovered that hydrogen 
can occur in a heavy-weight form with 
atomic weight two instead of one as is 
usual. 

New knowledge of nutrition was gained 


through the experiments of Dr. E. V. 
McCoititum which showed magnesium 
and mianganese essential to life and re- 
lated to the functions of endocrine glands. 

That the flea can transmit typhus fever 
was the important discovery of U. S. 
Public Health Service scientists. 

Artificial synthesis of elements and the 
production of artificial cosmic rays was 
accomplished by the German physicist, 
Dr. W. Borne. This may prove of 
great importance to future studies of the 
interior of the atom. 

By use of tree rings and clay layers, 
the history of recent ages in America’s 
past was given a more reliable time scale. 

Among the many important develop- 
ments of science during 1931 were: 


Chemistry 


Discovery of the last missing chemical 


element, eka-iodine, number 85, was 
announced by Pror. FRED ALLISON, 
EcpAaR J. MurpuHy, Pror. EpNA R. 


BisHop, and ANNA L. SOMMER, at the 
Alabama Polytechnic Institute, who used 
the same method in claiming detection 
of element number 87 a year ago. 

Discovery of element 87 was claimed 
by Pror. JacoBp PapisH and EUGENE 
WaAINER of Cornell who used the X-ray 
spectrograph. 

Hydrogen atoms twice as heavy as, but 
otherwise identical with, ordinary hydro- 
gen atoms were detected by PRror. 
Haroip C. Urey and Mr. G. M. Murpuy 
of Columbia, and Dr. F. G. BRICKWEDDE, 
Bureau of Standards. 

Commercial production of a new syn- 
thetic rubber-like substance, with grease- 
resisting properties, was begun by the 
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E. I. du Pont de Nemours & Company. 
Acetylene, formed from calcium carbide, is 
combined with hydrochloric acid and 
polymerized to give chloroprene. 

Gold, platinum, and five other chemical 
elements are mixtures of atoms chemically 
the same but different in weight, Dr. 
FRED ALLISON and Epcar J. Murpuy of 
the Alabama Polytechnic Institute dis- 
covered, using magneto-chemical analysis. 

“‘Autosynthetic cells’? which resembled 
closely living matter were produced in 
the laboratory by Dr. GEORGE W. 
CrILE of Cleveland. 

Mechanical molecule models which en- 
able the chemist to observe visually 
vibrations like those of the atoms and 
thus to obtain information regarding the 
motions were constructed by Dr. C. F. 
KETTERING, director of General Motors 
Research Laboratories, Pror. D. H. 
ANDREWS of Johns Hopkins University, 
and L. W. SxHutTTs. 

A rich deposit of pitchblende at LaBine 
Point on the Great Bear Lake of Canada, 
bearing probably $7000 worth of radium 
to the ton, was found by GrLBERT LABINE 
and SHIRLEY R. CRAGG. 

An essential to life, in addition to the 
twenty amino acids known as the chemi- 
cal building blocks of necessary food 
proteins, was newly found in the casein or 
protein of milk by Dr. W. C. Ross, 
University of Illinois. 

That the chemical p-ethoxyphenylthio- 
carbamide is intensely bitter to some 
persons, but tasteless to others, was dis- 
covered by Dr. ARTHUR L. Fox, du Pont 
chemist. Pror. L. H. Snyper, of Ohio 
State University, and Dr. A. F. BLAKEs- 
LEE, of the Carnegie Institution of 
Washington, working independently, found 
the ‘‘taste blindness’ to p-ethoxyphenyl- 
thiocarbamide to be a recessive hereditary 
trait. 

Amylase, a digestive ferment of the 
pancreas that acts on the starch in 
foodstuffs and makes it available for the 
energy needs of the body, was isolated in 
pure crystalline form by Pror. H. C. 
SHERMAN, of Columbia University, and 
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his two associates, Pror. M. L. Catpwey, 
and L, E. BooHErR. 

A crystalline form of vitamin D called 
“calciferol”” was prepared by a group 
working at the National Institute for 
Medical Research, London. 

Protein crystals of great digestive 
power were isolated from trypsin, dj- 
gestive ferment secreted by the pancreas, 
by Drs. JoHN H. Norrurop and M. 
Kunitz of the Rockefeller Institute for 
Medical Research, helping to clear up the 
mystery of the chemical mechanism of 
digestion. 

Methyl, the atomic grouping found in 
poisonous wood alcohol, was isolated 
as a free radical for a small fraction of a 
second by Pror. F. PANETH and W. 
Horepitz, University of Kénigsberg, 
Germany. 

Str ROBERT HADFIELD, father of modern 
alloy steels, revealed that analyses of 79 
specimens of steels and alloys belonging 
to MICHAEL FarapDAY show that Faraday 
anticipated present developments of stain- 
less and other special alloy steels. 


Physics 


A successful though inefficient method 
of tapping the energy of the atom nucleus 
to obtain synthetic cosmic rays was dis- 
covered by Dr. W. Bortue and Dr. H. 
BECKER of the University of Giessen, 
Germany, who bombarded metallic beryl- 
lium of atomic weight nine with alpha 
rays to obtain carbon atoms of atomic 
weight thirteen and of less energy. 

The energy of the mysterious inner core 
of the atom is probably in quanta, or 
definite small amounts or parcels, just 
as it is on the outside, Drs. J. C. CHap- 
WICK, J. E. R. Constasie, and E. C. 
POLLarD, of the University of Cambridge, 
discovered through a bombardment of 
atom nuclei with fast-moving alpha 
particles from polonium. 

X-rays can be made to produce a weak 
radioactivity in lead, causing its atoms 
to fly to pieces in a manner similar to the 
disintegration of spontaneously radioactive 
radium, it was discovered by a Russiam 
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scientist, Pror. G. I. Pokrowsk1 of 

Moscow. 

New evidence for the theory that even 
atoms behave as though they were im- 
material waves was secured when Dr. 
Tuomas H. JOHNSON, of the Franklin 
Institute, Philadelphia, fired a stream of 
hydrogen atoms at the surface of a crystal 
of lithium fluoride and by observing the 
spread of the reflected atoms measured 
their wave-length. 

Construction of a high-voltage generator 
which it is hoped will generate as much as 
20,000,000 volts to be built up through 
the use of static electricity on silk belts 
was begun by Dr. ROBERT J. VAN DE 
GraaFF of Princeton and the Massachu- 
setts Institute of Technology, who com- 
pleted a model giving 1,500,000 volts. 

A verification of the famous Michelson- 
Morley experiment was performed at the 
Zeiss works at Jena by Dr. G. Joos, show- 
ing no ether drift through the atmosphere 
because of the motion of the earth. 

A unification of the laws of gravitation 
and those of electromagnetism into a 
single mathematical theory, based on the 
famous “‘principle of least action,’’ was 
proposed by Pror. CoRNELIUS LANCZOS 
of the University of Frankfurt. 

An X-ray tube built to withstand 
voltages as high as 2,600,000 was made 
of alternate rings of paper, rubber, and 
aluminum by Drs. F. LANGE and A. 
Brascu of the University of Berlin. 

Light which has been on its way from 
the distant nebulae for some 70 million 
years is still traveling at the same speed 
as does light on the earth, Dr. GustaF 
STROMBERG of the Mount Wilson Ob- 
servatory demonstrated. 

Tracks made by cosmic rays in a cloud 
of vapor were made visible by Dr. 
L. M. Mort-SmitH and G. L. Locuer of 
the Rice Institute, Texas, who conclude 
from a study of the paths that the rays 
must be composed of bullet-like par- 
ticles, 

The completion of what is probably the 
world’s most powerful microscope, ca- 
pable of magnifications up to 17,000 di- 
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ameters, was announced by Dr. Roya 
RAYMOND RiFE of San Diego. 

Helium was turned from a gas into a 
liquid for the first time in the United 
States at the Bureau of Standards by 
a group of physicists, which included Dr. 
H. C. Dickinson, Dr. F. G. BRICKWEDDE, 
W. Cook, R. B. Scott, and J. M. Smoor. 

A-new theory which supplements the 
sciernte of thermodynamics in fitting 
it to unexpected fluctuations at variance 
with-the regularities covered by the second 
law of thermodynamics was proposed by 
Pror. G. N. Lewis of the University of 
California. 

The rate of expansion of the universe 
was derived from the fundamental equa- 
tion of the modern quantum theory by 
Str ARTHUR EDDINGTON, British as- 
tronomer, who thus linked the size of the 
universe and the mass of the electron and 
made the reality of the astronomically 
observed recession of the nebulae more 
plausible. 

X-rays were produced without the use 
of X-ray tubes, by M. G. Resout of the 
Physics Laboratory, Montpellier, France, 
by driving electric currents through solids 
like magnesia, alum, and yellow oxide 
of mercury, which have high electric 
resistance. 

A computing machine for solving com- 
plex: mathematical problems in the form 
of differential equations was made by 
Pror. V. BusH of the Massachusetts 
Institute of Technology. 

Evidence that electrons move about at 
high speeds in solid bodies was obtained by 
Dr. JEssE W. M. DuMonp and Dr. 
Harry A. KirKpatrick of the California 
Institute of Technology through use of 
the Doppler effect. 

An extension of the uncertainty prin- 
ciple to past events was announced by 
Pror. ALBERT EINSTEIN, PRoF. RICHARD 
C. ToLMAN, and Dr. Boris PoDOoLskKy. 

That the universe may be contracting 
and expanding in cycles of many millions 
of years without running the risk of a heat 
death through the operation of the second 
law of classical thermodynamics was in- 
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dicated by studies on model mathe- 
matical universes by Dr. RicHarp C. 
Totman of the California Institute of 
Technology. 

A gigantic burning glass made of nine- 
teen lenses each two feet in diameter and 
nineteen smaller ones was designed by 
Dr. Joun A. ANDERSON of the Mount 
Wilson Observatory and RvussELL W. 
PorRTER to concentrate the energy of the 
sun’s rays as much as 200,000 times so that 
a temperature of nearly 10,000 degrees 
Fahrenheit may be obtained. 

A new laboratory for the study of mag- 
netic forces at low temperatures was added 
to the University of Cambridge, England, 
as the gift of the Royal Society of London. 


Medicine 


Fleas were found to be carriers of 
typhus fever, previously thought to be 
carried only by the body louse, as a result 
of experiments reported by Drs. R. E. 
Dyer, A. S. RuMREICH, and L. F. BADGER 
of the U. S. Public Health Service. 

That death may be caused by a lack 
of magnesium in the diet through a dis- 
turbance of the adrenal glands was dis- 
covered by Dr. E. V. McCoLium and 
Dr. ELsa OrENT of The Johns Hopkins 
School of Hygiene and Public Health. 

That the formation by the pituitary 
gland of a hormone governing certain 
sexual functions is in some way related 
to the manganese of the diet was dis- 
covered by Dr. E. V. McCoriium of 
The Johns Hopkins School of Hygiene 
and Public Health. 

A forward step in the battle against 
leprosy was reported when Dr. Ear B. 
McKintey of the George Washington 
University Medical School and Dr. 
Matcoim H. Soute of the University of 
Michigan announced that they had 
isolated the organism which presumably 
causes this disease and had succeeded in 
growing it outside the human body. 

Discovery of the hitherto unknown 
germ of smallpox was announced by 
Pror. J. C. G. LEpINGHAM, director of 
the Lister Institute of London. 
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A new hormone, sympathin, similar to 
the powerful adrenalin, was discovered 
by Pror. WALTER B. CANNON of the 
Harvard Medical School, and is believed 
by him to be formed in the muscle cells 
by the action of an impulse from the 
nerves. 

A serum was developed by Dr. W. ¢. 
HUEPER, assisted by Miss Mary Russs11, 
both of the Cancer Research Laboratory 
of the University of Pennsylvania, which 
may lead to the conquest of the fatal 
disease, leukemia, in which the white 
blood cells multiply riotously. 

A reénforced attack on drug addiction 
was made by the U. S. Bureau of Nar- 
cotics, the U. S. Public Health Service, 
the American Medical Association, and a 
special committee of the National Re- 
search Council, in the course of which 
two research laboratories were established, 
one at the University of Virginia for 
chemical analyses and syntheses of alka- 
loid substances and the other at the 
University of Michigan for the biological 
testing of narcotics and their substitutes. 

A remedy for ringworm of the feet, 
popularly known as athlete’s foot, was 
found in sodium thiosulfate by Dr. 
WiiiiaM L. Goutp of Albany, N. Y. 

The successful use of digestive ferments 
to prevent the formation of adhesions 
was reported by Dr. ALTON OCHSNER and 
Dr. EARL GarsIDE of Tulane University. 

The discovery that an extract of the 
parathyroid gland of cattle will restrict 
growth without injury to the health was 
made by a young English biochemist, 
J. H. Tuompson, and may be of great 
value in the treatment of cancer. 

Diet was found to be definitely not 
responsible for the development of cancer, 
as a result of experiments on mice con- 
ducted by Srr Leonarp Hit, British 
scientist. 

Efforts to find a diagnostic test for 
early cancer continued; Dr. S. G. T. 
BENDIEN of Zeist, Holland, and Dr. 
Hans Jacques Fucus, of Berlin, each 
announced one based on examination of 
the blood. 
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Two new anesthetics were announced: 
one, related to the well-known drug 
veronal, which puts the patient to sleep 
more quickly and yet allows him to recover 
sooner, was produced by Dr. H. A. 
SHONLE of the Lilly Research Labora- 
tories from alcohol, barbituric acid, and 
amyl; the other, a general anesthetic 
related to ether and ethylene, but more 
rapid and efficient than ether, chloroform, 
or the anesthetic gases, was discovered, 
in accordance with his own prediction, 
by Dr. C. D. LEAKE, at the University 
of California Medical School. 

Viosterol, or irradiated ergosterol, often 
given to children in place of cod-liver oil, 
was found to be a new and effective 
treatment for radium poisoning such as 
that developed by workers on radium-dial 
watches, it was reported by Dr. FREp- 
ERICK B, FLINN of Columbia University. 


That calcium chloride relieves the 
intense pain of lead colic, gallstone colic, 
and ureteral colic was discovered by 
Drs. WALTER BAUER, WILLIAM T. 
SALTER, and JosepH C. AuB of the Massa- 
chusetts General Hospital, Boston. 

Ergot, an important drug, which na- 
turally grows only as a parasite on living 
plants, was successfully raised in a labo- 
ratory flask by ApELIA McCrea of the 
University of Michigan. 

The danger of burns during X-ray 
treatments has been greatly lessened by 
the completion of apparatus designed by 
Dr. LAuURISTON TAYLOR of the Bureau 
of Standards to measure the intensity of 
X-ray doses. 

A new method for saving the lives of 
those who have swallowed the poison 
bichloride of mercury was developed by 
Dr. SAMUEL BERGER of Cleveland; it 
consists of an opening into the cecum, 
and a flushing with water through this 
opening. 

A safe and apparently certain treatment 
for hookworm was found in the synthetic 
antiseptic, hexylresorcinol, by DR. VEADER 
Leonarp of The Johns Hopkins Uni- 
versity. 
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NEW BLOOD TEST FOR CANCER DE- 
VELOPED BY FUCHS 


A new method of detecting cancer in its 
early stages has been developed by Dr. 
Hans Jacgues Fucus, member of the 
physiological institute of the Veterinary 
University of Berlin. Details will be 
published in a few months in a German 
scientific journal. 

So far, two thousand cases have been 
successfully diagnosed by the new method, 
the diagnosis being confirmed by operation 
or dissection. The method also makes it 
possible to determine the presence or 
absence of cancer when an infectious 
disease occurs at the same time. Further, 
it is claimed that by this method the 
success of surgical or radiological treat- 
ment of cancer can be controlled. 

The new method depends on the diges- 
tion of serum from the blood of a suspected 
cancer patient with fibrin prepared from 
the blood of a normal person and with 
fibrin from the blood of a person known to 
have cancer. The digestion goes on for 
ten hours at a temperature of 104 degrees 
Fahrenheit. The protein is then removed 
from these samples and the amount of 
non-protein nitrogen present in each is 
determined. Depending’ on the amount 
of non-protein nitrogen present, it is 
possible to make a diagnosis as to whether 
the suspected case is one of cancer or not. 

The new method is the result of five 
years of incessant research work, during 
the course of which Dr. Fuchs had to 
make a number of pieces of special ap- 
paratus in order to achieve the necessary 
exactness in his determinations. The 
method also marks the first time that a 
chemical determination of a serological 
process has been made. 

A certain diagnostic test for cancer, 
such as this is hoped to be, will be particu- 
larly valuable because modern methods of 
treatment by surgery and radiation are 
chiefly successful only in the early stages 

of the disease. When cancer attacks the 
internal organs, it is nearly impossible to 
detect it in its early stages by present 
methods of diagnosis.—Science Service 
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DOUBLE HYDROGEN ATOM, NEW 
BUILDING STONE OF MATTER, IS 
FOUND 


Hydrogen atoms twice as heavy as 
usual, forming probably a new unit in the 
building of ali other chemical atoms and 
throwing new light on the mystery of the 
atom core, have been detected for the first 
time through the collaboration of PRor. 
Harotp C. Urry and G. M. Murpnuy of 
Columbia University with Dr. F. G. 
BRICKWEDDE of the U. S. Bureau of 
Standards in Washington, D. C. 

The low-temperature laboratory of the 
Bureau, in which liquid helium was made 
for the first time in the United States 
some months ago by Dr. Brickwedde and 
others, assisted in the discovery of this 
new hydrogen isotope, which differs from 
ordinary hydrogen only in the weight of its 
atoms. By evaporating liquid hydrogen 
under a reduced pressure, and at the 
excessively low temperature of freezing 
hydrogen 435 degrees below zero Fahren- 
heit, a partial separation of the heavier 
atoms was achieved. Prof. Urey and Mr. 
Murphy then examined the heavier 
distillate in their spectroscope in New 
York and found a new series of ““Balmer”’ 
lines that could be attributed only to 
hydrogen atoms of atomic weight two. 
Only one atom out of four thousand in 
ordinary hydrogen gas, however, he finds, 
is one of the new H2 kind. 

Prof. Urey himself had predicted May 
last that this hydrogen isotope of weight 
two would be found. His conclusion was 
drawn from a consideration of the relations 
between the numbers of electrons and 
protons in the known atomic nuclei. In- 
dependently Pror. HErRrIcK L. JOHNSON 
of Ohio State University and PRorF. 
RAYMOND T. Brrce and D. H. MENZEL of 
the University of California had made the 
same prediction. Dr. Johnson followed 
practically the same reasoning as Prof. 
Urey while Prof. Birge reached his conclu- 
sion from a comparison of chemical atomic 
weights and isotopic weights obtained 
direct by Dr. F. W. Aston in Cam- 
bridge, England. 
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Faintness of the spectrum or rainbow of 
light emitted by the heavier hydrogen 
prevented previous seekers from obsery- 
ing the tell-tale lines, Prof. Urey believes, 
Prof. Urey did indeed observe these lines 
in the spectrum of ordinary hydrogen gas 
but they were so faint that he could not be 
sure they were not “ghost” lines caused 
by irregularities in the apparatus used for 
detecting them. When in the low-tempera- 
ture experiments the proportion of the 
rare isotope was raised to 1 in 800, how. 
ever, the H2 lines became visible near the 
regular lines of the ‘‘Balmer” spectrum, 
The nucleus of the new atom lies in weight 
in between ordinary hydrogen, weight one, 
and helium, weight four, both of them 
regarded as the units of which the cores of 
all other atoms are made up. The new 
H2 provides a new building block for 
atom nuclei, believes Dr. Brickwedde, and 
will be investigated with great eagerness 
by both chemists and physicists for the 
light it will throw on the way that the 
nucleus is built up. 

The outside coatings of the new hydro- 
gen atoms are identical in all respects, 
including chemical properties, with ordi- 
nary hydrogens. Only the mass of the 
nucleus is different. These two forms are 
not to be confused, however, with the 
symmetric para and unsymmetric ortho 
hydrogen atoms discovered in 1929 by 
Drs. K. F. BONHOEFFER and P. HARTECK 
at the Kaiser Wilhelm Institute for 
Physical Chemistry in Berlin. These 
forms of hydrogen were of equal weight 
but different magnetic properties. 

A new still will be made at the Bureau 
of Standards, which Dr. Brickwedde will 
use to attempt a more complete separation 
of the hydrogen twins. As the one is 
twice as heavy as the other he believes 
that this should be quite possible. 

This recently heralded discovery of a 
new and heavier kind of hydrogen atom 
was anticipated by Pror. FRED ALLISON 
of the Alabama Polytechnic Institute, one 
of the contestants for the honor of dis- 
covering the missing chemical elements 
85 and 87. 
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The discovery was reported to the 
American Chemical Society in September 
prior to the announcement of the spectro- 
scopic detection of the new kind of 
hydrogen by Prof. Harold C. Urey and 
Dr. G. M. Murphy of Columbia Uni- 
versity and Dr. F. G. Brickwedde of 
the Bureau of Standards. Details of 
Prof. Allison’s work will be published in 
a forthcoming issue of the journal, Jn- 
dustrial and Engineering Chemistry. 

No separation of the two kinds of hydro- 
gen was made by Prof. Allison. Dr. 
Brickwedde, however, concentrated the 
heavier constituent of the gas fivefold. 

Prof. Urey’s measurements on the 
hydrogen spectrum agree with the estimate 
of Prof. Allison in giving the proportion 
of the new double-weight hydrogen as 
about one atom to 4000 of ordinary hydro- 
gen. 

The new and still disputed magneto- 
optic method of chemical analysis, on 
which Prof. Allison bases his claims to 
the discovery of the missing elements, was 
also used in detecting hydrogen of atomic 
weight two. This method can detect as 
little as one part of a substance in a 
hundred million, and also it will separately 
identify isotopes, the atoms of different 
weight which make up many of the com- 
mon elements. Tests show that, with 
one or two exceptions, the number of 
isotopes revealed by Prof. Allison’s new 
method is identical with that found by 
other means. This establishes the value 
of the method. 

Pror. Epna R. BisHop and MARGARET 
LawrENzZ of the Alabama Experiment 
Station have also shown by a study of 
uranium and thorium leads by the Allison 
method that the different isotopes are 
singled out in the order of their abundance. 

Last year Prof. Allison announced 
that seven heavy, metallic elements, 
including gold and platinum, are actually 
mixtures of isotopes previously unde- 
tected. This claim like the other fruits 
of his magneto-optic method, has still to be 
verified by other scientists. 

Prof. Allison’s paper giving his proof 
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of the hydrogen isotope will read in part 
as follows: 

“These results would be in accord with 
those of other metals if two isotopes of 
hydrogen are postulated. Quantitative 
experiments recently carried out on.... 
acids and water, interpreted upon this 
postulate, indicate without exception that 
the lighter isotope is far more abundant, 
very roughly in the ratio of several thou- 
sand to one, and further that,...the 
mass of the heavier isotope is probably 
two, though the evidence as to the exact 
mass is not conclusive. We are unable to 
suggest any explanation of these doublets 
unless it be upon the hypothesis of two 
isotopic components of hydrogen.’’— 
Science Service 


COSMIC RAYS BREAK HEARTS OF 
ATOMS 


The incessantly penetrating cosmic 
rays that bombard the earth from the 
depths of outer space smash the hearts of 
atoms and let loose speedy particles, Dr. 
RoBERT ANDREWS MILLIKAN, Nobel prize 
physicist of the California Institute of 
Technology, announced upon his return 
from a two and a half months’ good-will 
trip to Germany and other parts of 
Europe. 

Disintegration of the atomic nucleus by 
the cosmic rays was discovered by Dr. 
CaRL D. ANDERSON, an associate of Dr. 
Millikan at the Norman Bridge Laboratory 
of Physics at Pasadena, during research. 
Planned jointly by Drs. Millikan and 
Anderson, the results were communicated 
to Dr. Millikan while abroad so that he 
might discuss their import with Lorp 
RUTHERFORD of Nelson and other physicists 
who have been studying atomic disintegra- 
tion at the Cavendish Laboratory at 
Cambridge for the past decade. 

Dr. Anderson’s experiments provide the 
first scientific evidence that electromag- 
netic radiation can disrupt the innermost 
structure of matter. Artificial breaking 
down of elements has been accomplished 
in the past by the impact of alpha radia- 
tion from radium, which consists of rapidly 
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speeding hearts of hydrogen atoms. 
Heretofore scientists have not had at their 
disposal any X-rays or gamma rays of 
sufficient intensity or shortness to disrupt 
the tightly bound hearts of elements. 

Cosmic rays, with energies of 
100,000,000 to 300,000,000 volts, are ex- 
tremely penetrating X-rays or gamma 
rays and provide an automatic tool for 
bombarding and smashing the atomic 
hearts. In his experiments Dr. Anderson 
found that cosmic rays knock both nega- 
tive and positive electrons and protons out 
of the nuclei of oxygen and nitrogen. He 
used the famous Wilson cloud chamber 
apparatus in which the collision of cosmic 
radiation with atoms of gas is made visible 
by a line of small water droplets. The 
electrons or particles of electricity that are 
reémitted from the collision travel at 
immense speeds—99.9 per cent of the 
velocity of light, which is 186,000 miles per 
second. The protons or hydrogen nuclei 
also are given great velocities equal to half 
the velocity of light, or 75,000,000 volt 
electrons. These values provide physics 
with new speed records. 


Dr. Millikan predicted that Dr. Ander- 
son’s bombardment experiments would be 
useful in understanding the fundamental 
nature of matter. It is another demon- 
stration that transmutation of the ele- 
ments, long considered an alchemistic 
dream, is possible in some cases. In Dr. 
Anderson’s experiment, hydrogen, simplest 
of elements, is obtained from the gases 
oxygen and nitrogen, although the 
quantities are of no practical importance. 

Intensive research on cosmic rays 
now in progress in Germany is confirming, 
Dr. Millikan found, his conclusion that 
cosmic rays come to earth with equal 
intensity from all parts of the sky. Dr. 
E. REGENER of the University of Stutt- 
gart, by sinking electroscopes to thousand- 
foot depths in the Bodensee, has extended 
and confirmed Dr. Millikan’s own finding 
on the penetrating power of the most 
intense cosmic rays. Dr. Millikan visited 
Dr. Regener during his travel in German- 
speaking European countries as the guest 
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of the Oberlander Trust. He also found 
Dr. F. HorrMan of Halle in complete 
agreement with him on cosmic rays. Asa 
result of his extensive visits in Germany, 
Dr. Millikan declared that progress in 
physics is being accelerated in that 
country. 

“We have much to learn from Germany 
and Germany has much to learn from us 
in physics,’ he said.—Science Service 


NEW LABORATORY OF CHEMICAL 
MICROSCOPY AT THE POLYTECH- 
NIC INSTITUTE OF BROOKLYN 


The new Alumni Laboratory of Chemi- 
cal Microscopy at the Polytechnic Insti- 
tute will be ready for use about Febru- 
ary 1. This laboratory is being specially 
lighted and will be equipped with the 
latest types of chemical microscopes, 
Facilities will be available for both 
instructional and investigative work. A 
graduate course on chemical microscopy 
will be offered by Prorgessor W. F. 
WHITMORE during the second semester of 
this year. This course will be on Wednes- 
day and Friday nights. It is expected 
that the work in chemical microscopy will 
be of great interest to chemists in the 
metropolitan area. This class will be 
limited to twelve. Its first meeting will 
be on February 3, 1932. Those interested 
should communicate directly with Profes- 
sor Whitmore at the Polytechnic Insti- 
tute, 99 Livingston Street, Brooklyn, N.Y. 


MOLECULES OBSERVE SPEED LIMIT 
IN NEW EXPERIMENTS 


A molecular race in which speed limits 
were set was described to the meeting of 
the American Physical Society in Berkeley, 
California, in a paper by Drs. I. ESTER- 
MANN and R. Friscu, and Pror. O. STERN 
of the University of Hamburg. 

At the start of the race, fast and slow 
molecules mingled in complete confusion. 
The course of the race led, however, be- 
tween the teeth of wheels which revolved 
in a troublesome way. The series of 
wheels, in fact, was arranged by the 
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experimenters so that only molecules 
between certain speeds could complete 
the race. The others were conveniently 
caught by the teeth. 

The object of this scientific handi- 
capping was not to aid betting men but 
to obtain a new test of the de Broglie 
theory that moving material particles 
behave like waves on striking the surface 
of a suitable crystal. 

The direction of scattering of the 
molecules after striking a crystal of 
lithium fluoride in this experiment agreed 
perfectly with the de Broglie formula. 
Different speeds were then selected by 
making the toothed wheels revolve at 
different speeds. A further check was 
thus made of the Maxwell distribution law 
of molecular velocities in a body of gas. 

Thus a fundamental part of the kinetic 
theory of matter was subjected to a new 
kind of direct test.—Science Service 


ELEVENTH CONGRESS OF INDUS- 
TRIAL CHEMISTRY HELD IN PARIS 


The Eleventh Congress of Industrial 
Chemistry held in Paris, September 27 to 
October 3, under the auspices of the 
Société de Chimie Industrielle, was 
particularly well attended, for it synchro- 
nized with the International Congress for 
the Development of Applications of 
Caoutchouc, whose meetings were held 
in the Cité des Informations of the 
Colonial Exposition, September 29 to 
October 1. 

Following the official opening of the 
congress by MAURICE DELIGNE, Minister 
of Public Works, on September 28, G. 
Frusin, director of the Institute of 
Electrochemistry and Electrometallurgy 
at Grenoble, delivered an address on ‘“‘The 
Role of Moissan in the Development of 
the Electric Furnace Industries,” and 
ALBERT R. FRANK, director of the Stick- 
stoffwerke, A.-G., gave an address on 
“Moissan’s Carbide and the Chemical 
Industry.”’ 

Although the congress was officially 
closed on October 1 by PAUL REYNAUD, 
Colonial Minister, the next two days were 
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devoted to visits to many important 
factories and works. On October 4, a 
large delegation went to Meaux, the 
birthplace of Henri Moissan, where, under 
the chairmanship of Mario Rovustan, 
Minister of Public Instruction, a com- 
memorative plaque and a splendid monu- 
ment which had been erected by subscrip- 
tion were unveiled at the college.* 

The Americans who attended were as 
follows: H. MacCLEeNAHAN, director of 
the Franklin Institute; R. KRAMER, 
National Research Council; W. A. 
Noyes; N. Pertrnot, Electrochemical 
Society; MERLE RANDALL and ATHERTON 
SEIDELL, American Chemical Society; and 
JEROME ALEXANDER, secretary of the 
American section of the Société de Chimie 
Industrielle—News Ed., Ind. Eng. Chem. 


* See “A Monument to Henri Moissan,”’ 
below. 


A MONUMENT TO HENRI MOISSAN 


Henri Moissan was born in Paris on 
September 28, 1852, and died there, at 
the age of fifty-four, on Feb. 20, 1907. 
He is remembered today for his successful 
work on the isolation of fluorine, his 
experiments on the manufacture of 
artificial diamonds and the development 
of the electric furnace. 

Moissan’s isolation of fluorine in 1886 
was accomplished by electrolyzing a solu- 
tion of potassium hydrogen fluoride in 
anhydrous fluoric acid contained in a 
platinum tube. He was led to his re- 
searches on diamonds by the study of the 
allotropic modifications of carbon, and 
the minute diamonds he made were ob- 
tained by melting iron and carbon in a 
crucible and dropping the fused mass into 
water. The electric furnace which he 
used in these experiments consisted of a 
scooped-out block of marble, covered by 
a marble lid having two horizontal pas- 
sages for the carbon electrodes, the cur- 
rent being passed from a small dynamo. 

Moissan’s whole life was passed in 
Paris. He entered the laboratory of 
Fremy at the Muséum national d’Histoire 
naturelle at the age of twenty; at thirty- 
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four he was appointed professor of toxi- 
cology in the Ecole Supérieure de Pharma- 
cie, in 1899 was transferred to the chair 
of mineral chemistry, and the following 
year became professor of general chem- 
istry at the Sorbonne. Elected a member 
of the Paris Academy of Sciences in 1891, 
he was made a foreign member of the 
Royal Society and awarded the Davy 
Medal, and in 1906 received the Nobel 
Prize for chemistry. His son, Louis 
Moissan, an assistant at the Ecole 
Supérieure de Pharmacie, who was killed 
in action on Aug. 10, 1914, left funds for 








founding prizes in memory of both his 
father and mother. 

A féte in honor of Moissan was cele- 
brated on Oct. 4, in brilliant sunshine, in 
the cathedral town of Meaux, pic- 
turesquely situated on the banks of the 
Marne. The delegates were received on 
Saturday afternoon, Oct. 3, at the Minis- 
try of Foreign Affairs on the Quai d’Orsay, 
and on the following morning nearly three 
hundred were taken by special train to 
Meaux to take part in the ceremonies there. 

These ceremonies included the formal 
presentation to the Communal College 
(of which Moissan was a pupil from 1864 
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until 1870) of a plaque on the wall of the 
entrance hall, and in the afternoon the 
unveiling, by MME. JEAN GERARD, of a 
monument in a small square by the side 
of the town hall. The monument is in 
the form of an obelisk, from the upper 
part of which the rugged features of Mois- 
san emerge from the solid stone, while 
on the side are sculptured diagrammatic 
representations of his electric furnace and 
of the apparatus with the help of which 
he isolated fluorine, with quotations from 
his own writings. 

Discourses appropriate to the occasion 
were delivered, in a natural theater formed 
by the surrounding buildings and gardens, 
under the direction of Pror. BEnat, 
representing the Minister of Public In- 
struction. The first three discourses 
were by the president of the organizing 
committee, by the Mayor of Meaux, and 
by the president of the old students’ 
association of the College of Meaux; 
the others were by M. LEBEAU, the as- 
sistant and colleague of Moissan, represent- 
ing the friends and students who had 
worked in Moissan’s laboratory, by Pror. 
H6nicscHmip of Munich (himself an old 
student of Moissan) on behalf of the 
foreign delegates, and by Prof. Behal 
on behalf of the government. Prof. 
Behal was supported by the presence, 
also in full dress, of his fellow acade- 
micians, BERTRAND and Dé&.épIne, and 
by many of their French colleagues.— 
Nature 


RAMSAY MEMORIAL LABORATORY 
OF CHEMICAL ENGINEERING, UNI- 
VERSITY OF LONDON 


The new Ramsay Memorial Laboratory 
of Chemical Engineering at University 
College, University of London, was 
opened on November 26 by H. R. H. 
PRINCE GEorGE. The laboratory is de- 
signed to provide a post-graduate training 
in the principles underlying the design, 
fabrication, and operation of all kinds of 
chemical plant. Special features of the 
building are a large industrial laboratory 
in which semi-large-scale plant can be 
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erected and tested, a well-equipped work- 
shop in which plant units may be fabricated 
or repaired, a drawing office, and a general 
experimental laboratory. Special labora- 
tories are devoted to the study of fluid 
flow, heat transfer, and the examination 
of fuels. Provision is also made for the 
investigation of chemical engineering 
problems, either on a small or semi-large 
scale. The building is designed to ac- 
commodate fifty post-graduate students. 
Its erection and equipment have been 
made possible by the generous contribu- 
tions of a number of firms of chemical 
manufacturers and chemical plant manu- 
facturers.— Nature 


FIRE DAMAGES PHYSICAL AND 
CHEMICAL LABORATORIES OF ST. 
ANDREW’S UNIVERSITY 


Many of our readers must have seen 
with regret the announcement that a 
serious outbreak of fire occurred at the 
University of St. Andrews in the early 
morning of November 3. We learn that 
considerable damage has been done to 
the new building which contains the 
chemical and physical laboratories of the 
United College of St. Salvator and St. 
Leonard. The entire roof of the physical 
laboratory and part of that of the chemical 
laboratory have been destroyed. Two 
large Hilger spectroscopes and other 
instruments used in physical research have 
been badly injured. A large amount of 
valuable apparatus has been completely 
destroyed as well as many chemical speci- 
mens illustrating ProrEssoR J. READ’S 
researches. It is remarkable that many 
specimens of the products obtained by 
the late PROFESSOR PuRDIE and PRINCIPAL 
Sir James IrvINE have escaped. An 
unofficial estimate places the amount of 
damage, which is covered by insurance, 
at £10,000. Fortunately, the fire did 
not reach the chemical research laboratory 
at the north end of the block or the ad- 
joining building, which houses the natural 
philosophy lecture rooms and museum, 
where much interesting historical ap- 
paratus is preserved.— Nature 
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COUPER CENTENARY MEETING 


The first meeting of the session of the 
Glasgow Section of the Society of Chemical 
Industry was held jointly with the Insti- 
tute of Chemistry and with the codperation 
of the citizens and Council of Kirkintilloch, 
at Kirkintilloch, on Friday, October 9, to 
commemorate the birth of ARCHIBALD 
Scotr Couper,* which took place at 
Townhead, Kirkintilloch, on March 31, 
1831. A number of distinguished chemists 
from the east of Scotland were present. 

In the presence of a large crowd of 
townspeople and visiting chemists PRovostT 
RUTHERFORD introduced Pror. G. G. 
HENDERSON, F.R.S., who unveiled a memo- 
rial plaque placed above the doorway of 
Couper’s birthplace. 

Exhibits, including a hitherto unpub- 
lished photograph of Couper, were shown 
by Dr. DossBIn and Mr. R. SOMERVILLE. 

Later in the evening a gathering of 
several hundred people in the Town Hall 
heard an eloquent panegyric on Couper 
delivered by PRINCIPAL Sir J. C. IRVINE.— 
Chemistry & Industry 

* See Irvine, James C., “‘Scotland’s Contribu- 


tion to Chemistry,’ J. Cuem. Epuc., 7, 2808-28 
(Dec., 1930). 


NEW PHYSICAL CHEMISTRY LAB- 
ORATORY AT UNIVERSITY OF FREI- 
BURG 


The new laboratory for physical chemis- 
try at the University of Freiburg im 
Breisgau was opened on October 30. At 
the same time honorary degrees were 
conferred on LORD RUTHERFORD, PROFES- 
SOR SIEGBAHN, and PRoFEssOR GOLD- 
scHMIDT. The old laboratory was one of 
the first institutes for physical chemistry 
erected in Germany. The new labora- 
tories are especially well equipped with 
apparatus for carrying out chemical 
analysis by X-rays, and extensive facilities 
are available for investigating the compo- 
sition of minerals and alloys by chemical, 
radioactive, and spectroscopical methods. 
A large section of the laboratories is 
devoted to the study of diffusion phe- 
nomena, especially in alloys—Nature 
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THE SCIENCE PRESS OF GERMANY 


Scientific information is disseminated in 
Germany in several ways. There is the 
scientific news service ‘‘Pallas,”’ edited by 
Dr. PauL NEUBERGER, Berlin-Zehlendorf, 
Cecilienstr.10. This distributes in very 
clearly printed typescript a foolscap sheet 
appearing about every other day. The 
paragraphs are of general interest and 
seem suited for immediate use in the daily 
press of German-speaking countries. The 
“Reichszentrale fiir | wissenschaftliche 
Berichterstattung Pressestelle,’’ Berlin, 
N.W. 7, Unter den Linden 38, is another 
information bureau issuing scientific news. 
Its items seem suited for immediate use in 
scientific, technical, and educational jour- 
nals, and by translation without further 
condensation they might be utilized in 
English journals. A good deal of the 
material is taken from Forschungen und 
Fortschritte, a journal of research and 
scientific progress appearing three times a 
month in some twelve pages under the 
editorship of Dr. E. Kresstiinc, Berlin, 
N.W. 7, Unter den Linden 38. There are 
two editions, Korrespondensblatt, printed 
on one side only of the paper, for 5 marks 
quarterly, and Nachrichtenblatt, printed 
on both sides, for 3 marks quarterly. 
The reprinting of signed articles is only 
permitted with acknowledgment of the 
source. This journal is written more for 
scientific and academic readers. The 
separate authors are specialists intimately 
concerned with the researches they de- 
scribe. Special paragraphs are devoted to 
a diary of coming congresses and reports of 
international scientific organizations. Die 
Naturwissenschaften, edited by Dr. ARNOLD 
BERLINER, and published by Verlag 
Julius Springer, Berlin, W. 9, Linkstrasse 
23-24, is a weekly journal of science. It is 
now in its eighteenth year and is the official 
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organ of the German Association of Men 
of Science and Physicians. Die Natyr- 
wissenschaften may be particularly com- 
mended to those who are trying to acquire 
some general familiarity with scientific 
German in various fields.— Nature 


INFORMATION ON HEIDELBERG 
ALUMNI DESIRED 


PROFESSOR FREUDENBERG, of the Uni- 
versity of Heidelberg, is compiling a list of 
the names and present addresses of all per- 
sons, now resident in the United States, 
who were at any time students of chemis- 
try in the University of Heidelberg. 

Any such will please send their names, 
addresses, and date of enrolment at 
Heidelberg to W. L. JENNINGS, Depart- 
ment of Chemistry, Worcester Polytechnic 
Institute, Worcester, Mass., who will 
undertake the listing and forwarding of 
such data to Professor Freudenberg.— 
News Ed., Ind. Eng. Chem. 


A. C. S. MEMBERSHIP AWARDED TO 
HERRMANN, UNIVERSITY OF PITTS- 
BURGH STUDENT 


A membership in the American 
Chemical Society, awarded annually by 
Dr. ALEXANDER SILVERMAN, head of the 
department of chemistry of the University 
of Pittsburgh, to the senior who is a 
candidate for the B.S. degree in chemistry 
and who has the best record for his first 
three years in the university, goes this 
year to Francis J. HERRMANN. 

Mr. Herrmann was graduated from the 
Cathedral Preparatory School for Boys 
in Erie, and spent his freshman year at 
Villa Maria College, Erie. During his 
sophomore and junior years, he attended 
the Erie Centre of the University of 
Pittsburgh, and is now a student at the 
University in Pittsburgh. 
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Laboratory Exercises and Problems 
in General Chemistry. B. SmitrH 
Hopkins, University of Illinois, and 
Harvey A. NEVILLE, Lehigh Uni- 
versity. Revised edition. D. C. 
Heath & Co., New York City, 1931. 
xii + 164 pp. 29 Figs. 15 X 23 cm. 
$1.76. 


“Laboratory Exercises and Problems 
in General Chemistry’”’ by Hopkins and 
Neville is a clearly written guide for stu- 
dent laboratory work. 

Part I comprises sixty-two experiments 
most of which duplicate the experiments 
of a good beginner’s course in a secondary 
school. 

Part II comprises thirty-eight (63-100) 
experiments dealing mainly with the 
metals, the preparation of a few important 
salts, and a brief introduction to the meth- 
ods of qualitative analysis. Five simple 
unknowns are given, and finally, Exercise 
100 outlines the procedure for a ‘“‘General 
Unknown.” 

Part III is entitled Chemical Arithmetic, 
in which one hundred and fifty problems 
are stated involving the following cases: 
I. Percentage Composition; II. Chemi- 
cal Formula from Percentage Composi- 
tion; III. Amount of One Substance Re- 
quired to Combine with or Displace a 
Given Amount of Another Substance; IV. 
Specific Gravity of Solids and Liquids; 
V. The Correction of Gas Volumes for 
Temperature, Pressure, and Water Vapor; 
VI. Gram-Molecular Volume; VII. 
Normal Solutions. The book also con- 
tains a list of the apparatus and chemicals 
needed by the student, an appendix listing 
important units and constants, and a page 
of “First-Aid Instructions.” 

The outstanding feature of the book is 
the fact that the work outlined is within 
the capacity of an average beginning stu- 
dent to complete, yet the exercises are ex- 
tensive enough to lay a satisfactory 
foundation for later work. Frequent ref- 


’ 


erences to Hopkins’ ‘“‘General Chemistry’ 
makes the book well adapted for use with 
that text. 

The type and arrangement of the ma- 
terial gives the printed page an attractive 
appearance. 

C. D. CARPENTER 

CoLuMBIA UNIVERSITY 

New York City 
Tests in Chemistry. CHARLES E. DULL, 

Head of Science Department, West 

Side High School, and Supervisor of 

Science for the Junior and Senior High 

Schools, Newark, N. J. Henry Holt 

& Co., Inc., New York City, 1931. 68 

pp. 15 Figs. 19 XK 24.75cm. $0.32. 

The purpose of this paper-back book, 
in loose-leaf form, is to furnish a set of 
twenty-eight tests, averaging thirty ques- 
tions each, covering the entire field of 
chemistry as usually taught in secondary 
schools. While the tests follow the se- 
quence of topics as presented in the 
author’s textbook, ‘“‘Modern Chemistry” 
[reviewed J. CHEM. Epuc., 8, 1901-2 
(Sept., 1931) ], they may be used with high- 
school textbooks. The test questions, 
which are of the true and false, completion 
and substitution type, may be used as in- 
structional as well as achievement tests. 
Each test will be completed by the student, 
in the majority of cases, in thirty minutes 
and could be checked by the individual 
pupil in at least ten minutes. By keeping 
his individual tests, the pupil could deter- 
mine his weakness in any particular topic. 
The book should be of benefit both to the 
pupil and teacher. 

EpwWIN L. FREDERICK 

Forest ParK HiGH ScHOOL 

BALTIMORE, MARYLAND 
Living in a World of Science. Water 
and Air; Energy and Power; Heat 
and Health. Morris MEISTER, New 

York Training School for Teachers, Col- 

lege of the City of New York, and Edi- 

tor, The Science Classroom. Charles 
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Scribner’s Sons, New York City, 1930 
and 1931. xvi + 238 pp.; xviii + 238 
pp.; xviii + 237 pp. 162 Illustrations; 
175 Illustrations; 165 Illustrations. 13 
X 19cm. $1.08 each. 


These books are a part of a series of texts, 
“Living in a World of Science,’”’ intended 
for the seventh and eighth grades. [The 
fourth book of the series—‘‘Magnetism 
and Electricity’—was reviewed in the 
J. Cuem. Epvuc., 6, 2070 (Nov., 1929).] 
According to the author the selection of 
the content in each text was guided by 
three major principles: 

1. There is general and wide accep- 
tance of certain major units of study for the 
course in the junior-high-school science. 

2. Local conditions must be permitted 
to determine the degree of emphasis upon 
units and the order in which they are to 
be considered. 

3. The further selection of material 
and activities for each unit must be based 
upon a set of criteria which are education- 
ally valid. 

In accordance with this third principle 
the following criteria were used in deter- 
mining the most desirable subject matter: 


1. To what extent can the item of con- 
tent be taught objectively? 

2. To what extent does the item inter- 
est the pupil? 

3. To what extent is the item adapted 
to the abilities of the pupils? 

4. How frequently does the item occur 
in the normal experience of the pupil? 

5. To what extent does the item repre- 
sent a knowledge or skill which the pupil 
will find of value when an adult? 

The subject matter of each text is di- 
vided into sixteen chapters on ‘‘a chapter 
a week’’ plan. A science “‘story’’ is used 
to introduce each chapter. Each unit 
includes a review test, a page of problem 
pictures, a list of things to read and think 
about, and a list of things to do and make. 

Each chapter is profusely illustrated 
with practical, familiar, and homely ex- 
amples of the applications of science in 
every-day life. Theoretical discussion is 
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reduced to a minimum. The style ig jn. 
formal, clear, readable, and often conversa. 
tional. The numerous science “stories,” 
anecdotes, newspaper references, and ex. 
periments should appeal to every boy and 
girl interested in science. Many excellent 
teacher- or pupil-demonstration experi 
ments and individual pupil laboratory ex. 
periments are described. This series of 
texts is recommended to teachers of gen- 
eral science and physics who desire a series 
of experiments to supplement those found 
in the usual textbook in these fields. Py- 
pils will welcome this series as an impor- 
tant addition to the science library. 
C. M. Pruirr 


UNIVERSITY OF ALABAMA 
UNIVERSITY, ALABAMA 


Potentiometric Titrations. Dr. I. M. 
Ko.tuorr, Professor of Analytical 
Chemistry, University of Minnesota, 
and N. HowE.t Furmay, Ph. D., Associ- 
ate Professor of Chemistry, Princeton 
University. Second edition. John 
Wiley & Sons, Inc., New York City, 
and Chapman and Hall, Ltd., London, 
1931. xiv + 482 pp. 74 Figs. 23 x 
15cm. $6.00. 


The purpose of this book is to collect, 
discuss, and critically evaluate the methods 
of potentiometric analysis. In the re 
viewer’s opinion, this has been done ina 
very excellent manner. 

The general arrangement is that of the 
first edition. However, the authors have 
felt it wise to reduce the space allotted to 
the theoretical treatment in order that 
more might be available for the newer 
developments in the field. The first 
three chapters of the first edition have been 
condensed to nine pages. The next three 
chapters on theoretical considerations re- 
main as before. In spite of this the book 
has actually increased in size by 132 pages. 
Without depreciating in the least the gen- 
eral excellence of the work, and appreciat- 
ing fully the reasons for the authors’ 
choice, the reviewer feels that it might 
have been worth the extra cost to includea 
fuller discussion of the theoretical aspects. 
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Although these are thoroughly treated in 
“Volumetric Analysis,” by the same 
authors [for a review see J. CHEM. Epuc., 
6, 594 (Mar., 1929) ] in the end a self-con- 
tained book is preferable. 

Several new electrodes are described, 
such as the platinum and iodoso-benzene 
electrodes, etc. The subject of the glass 
electrode has been very considerably ex- 
panded. New and special designs of elec- 
trodes are also included. Especially note- 
worthy is the great increase in the number 
of vacuum tube circuits that are described. 

The greatest increase in material is 
found in the section dealing with the po- 
tentiometric analyses themselves. Many 
analyses formerly incorporated in a single 
chapter have been expanded to whole 
chapters. A considerable number of new 
methods are found in the miscellaneous 
section. Very valuable new chapters are 
those dealing with the use of ceric sulfate, 
arsenious oxide and chromous chloride and 
sulfate. 

There are abundant references to the 
literature and an excellent set of useful 
tables in the appendix. A four-place 
logarithm table has also been added. The 
bibliography has been expanded from six- 
teen to thirty-five pages. 

In conclusion, the authors are to be 
heartily congratulated on the way in 
which they have made available the ma- 
terial in this important field. No student 
of the subject or practical worker can af- 
ford to be without this guide. 

[For a review of the first edition of this 
book see J. Cuem. Epuc., 3, 846 (July, 
1926).] 

MALcoim M. HARING 


UNIVERSITY OF MARYLAND 
Co_.Lece ParK, Mp. 


Examination of Water, Chemical and Bac- 
teriological. WutL1Am P. Mason, Prof. 
Emeritus of Chemistry, Rensselaer 
Polytechnic Institute. Sixth edition, 
revised by ARTHUR M. BUSWELL, Profes- 
sor of Chemistry, University of Illinois; 
Chief, Illinois State Water Survey. 
John Wiley & Sons, Inc., New York 
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City, 1931. ix + 224 pp. 34 Figs. 
15 X 28cm. $3.00. 


The preface states: ‘In attempting a 
revision it has been our aim to preserve 
as far as possible the spirit of the original 
work. Few changes have been made ex- 
cept where it was necessary to bring the 
terminology up to date. 

“The purpose of the book has always 
been to supply the needs of the under- 
graduate student rather than those of the 
routine analyst. For that reason consid- 
erable space has been given to the develop- 
ment of a setting for the various analytical 
tests so that the student will see them in 
their true perspective. 

“The present edition differs from the 
former principally in the addition of the 
newer analytical procedures. The meth- 
ods for the determination of pH and free 
chlorine are notable examples. A more 
extensive discussion of losses due to hard 
water and detailed direction for the syste- 
matic analysis of boiler waters also have 
been included. A chapter of laboratory 
exercises in water treatment describes 
procedures whereby a student may actu- 
ally carry out the common processes of 
water treatment, such as softening, coagu- 
lation, and chlorination. The exercise 
on water softening is based upon a series 
of tests which were a part of the routine 
procedure used by the Kennicott Water 
Softening Company to determine the cost 
of chemicals required for treatment. This 
group of exercises has been found espe- 
cially useful in courses designed to instruct 
engineering students in the principles of 
water examination.” 

The original text with the slight changes 
indicated makes up about half the book. 
Besides the additions noted above one ap- 
pendix of 35 pages gives in full Réprint 
1029 of the United States Public Health 
Service on drinking water standards. Al- 
though this reprint is distributed free 
by the Public Health Service, its inclusion 
helps the other extensive additions to make 
the book one of the largest collections of 
information relating to the examination 
of water and interpretation of the results. 
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In the hands of a teacher as able as 
either of the authors this book can safely be 
used as a test for undergraduates. The 
average good student will understand that 
directions (page 108) to obtain grains 
per gallon by multiplying ‘‘diagrams” by 
2 refers to milligrams. He may be pleased 
or puzzled by being offered a choice be- 
tween potassium ‘dichromate’ on page 
95 and “bichromate”’ in the footnote on 
page 97; also between ‘“‘potassium thio- 
cyanate”’ on page 111 and ‘‘potassium sul- 
phocyanide”’ on page 175. It will prob- 
ably be desirable for a teacher to give the 
students some advice on the relative use- 
fulness of the different methods for estimat- 
ing some of the constituents for which 
methods are given in four different places. 

The occasional student who has some 
curiosity as to when certain things were 
done may have an interesting time com- 
pleting the footnote references, which are 
largely incomplete either as regards dates 
or page numbers, and in the case of books, 
the names of publishers. The astonish- 
ingly incomplete and inaccurate index re- 
fers to R. H. Phelps as cited on page 100: 
This probably means the reference to the 
fact that the orthotolidine test for residual 
chlorine was first proposed by Earle B. 
Phelps in 1909. The commonly used 
“B & B” soap solution described by Bou- 
tron and Boudet in 1855 is credited on page 
109 to Boutron and Boudet. The foot- 
note gives the date as 1844. ‘“Boutron” 
appears twice in the index. 

The 17 pages on the bacteriological ex- 
amination of water have been revised to 
correspond with the current Standard 
Methods published by the American Pub- 
lic Health Association. 

It is understood that the publishers have 
issued a correction sheet for six minor 
errors in the first printing. If they will 
correct ten or twelve more, of which some 
are noted above, will have the footnotes 
put into some standard form, perhaps have 
a little editing for uniformity of usage, 
and have an index prepared that will be 
moderately correct and complete, the 
book can be recommended for use by 
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teachers of only average special experience 
in water analysis. 
W. D. Cotuins 


QUALITY OF WATER DIVISION 
U. S. GroLocicaL SURVEY 
WASHINGTON, D. C. 


Quantitative analytische Mikromethoden 
der organischen Chemie in vergleichen- 
der Darstellung. C. WeEyGAND, Uni- 
versity of Leipzig. Akademische Ver- 
lagsgesellschaft M. B. H., Leipzig, 
1931. xi+279pp. 79 Figs. 15.5% 
23cm. M. 18. 


Professor Weygand’s book is a compara- 
tive presentation of the various quantita- 
tive analytical micro-methods of organic 
chemistry critically discussed in the light 
of the author’s eight years of experience 
in teaching micro-methods. Consequently, 
the book is not a duplication of Pregl’s 
well-known ‘‘Quantitative Organic Micro- 
analysis” [for a review see J. CHEM. 
Epuc., 7, 2755 (Nov., 1930) ], but a work 
which will serve to supplement the Pregl 
text. 

The plan of the book is as follows: The 
method recommended by Pregl for carry- 
ing out a given determination is first 
described, and then follow various modi- 
fied micro-procedures for accomplishing 
the same result. Finally the similar 
semi-micro-method is described. Through- 
out the book a critical tone is maintained, 
and the advantages and disadvantages of 
the various procedures are discussed. 

Many determinations not mentioned in 
Pregl’s work are included. Among these 
are the Zerewittinoff method for deter- 
mining hydroxyl groups, the determina- 
tion of primary aliphatic amines according 
to Van Slyke, and the Barger method of 
determining molecular weights as modified 
by Rast. 

The text is copiously provided with 
references; work which has appeared as 
late as 1931 is quoted. 

Illustrations are frequent; there are 
to be found not only line drawings of ap- 
paratus, but photographs of several im- 
portant manipulations. Those photo 
graphs which illustrate the cleaning of 
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the micro-balance are well chosen and very 
helpful. 

The author is to be commended on the 
excellent sections on the use, care, and 
cleaning of the micro-balance. This sub- 
ject matter has been handled with particu- 
lar skill, and is a noteworthy feature of the 
text. 

Professor Weygand’s book should be 
available wherever microanalysis is being 
taught or carried out, and it is to be hoped 
that the work will be translated into En- 
glish at an early date so that it will be 
available to an even larger group. 


NATHAN L. DRAKE 


UNIVERSITY OF MARYLAND 
CoLLeGe PARK, MD. 


Forensic Chemistry and Scientific Crimi- 
nal Investigation. A. Lucas, London; 
formerly director of the chemical de- 
partment of the Egyptian Government. 
Second edition, Longmans, Green & Co., 
New York City, 1931. 324 pp. 14 X 
22cm. $6.00. 


The first edition was entitled ‘Forensic 
Chemistry’? and a smaller book by the 
author in 1920 was entitled ‘‘Legal Chem- 
istry and Scientific Criminal Investiga- 
tion.” There is no apt and concise title 
for this body of knowledge which should 
include the investigations of circumstan- 
tial evidences by means of chemistry and 
physics and the functioning of the chemist 
as an expert witness. 

Historically this science has developed 
from legal medicine, forensic medicine, or 
medical jurisprudence. Even today the 
physician and the pharmacist engage in 
the application of chemistry to court cases 
though manifestly such work is purely 
chemical. Indeed, specialization within 
chemistry itself is now necessary to secure 
competency in this very valuable contribu- 
tion to the administration of justice. This 
book on forensic chemistry divorces itself 
from forensic medicine—though neither 
title is strictly precise since courts do not 
permit forensics by the expert witness. 

This book, based on the existing litera- 
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ture and on voluminous court experiences, 
contains sixteen chapters with bibli- 
ographies on the several subjects. Though 
dealing largely with criminal cases, it 
includes some chemistry in the service of 
law as applied to civil cases. This latter 
division is becoming increasingly more im- 
portant in connection with suits for dam- 
ages, breach of contract on specifications 
of materials, infringements of patents, etc., 
and should be treated more fully in books 
of legal chemistry. 


The chapters of this book are suggestive 
rather than complete. No illustrations 
and few tables are given. The longest 
chapter is on documents; poisons are 
treated in sixty pages; finger prints, fires, 
stains, explosions, tobacco, etc., are dis- 
cussed in three to eleven pages, variously. 


Books on legal chemistry should not 
only include information on chemical and 
physical methods, on interpretation of evi- 
dence with illustrative court cases, on 
preparation for court of demonstration 
experiments, written reports and the litera- 
ture, but also should supply knowledge of 
legal evidence and procedure so that the 
expert witness can testify successfully and 
can combat the subtleties of cross-exami- 
nations. Many civil and criminal cases 
have been lost because of the confusion of 
the ‘‘star’’ expert witness. 


All these subjects are touched upon in 
this book—their complete discussion must 
be included in many volumes. The be- 
ginner in chemical investigations of crime 
will find this book very illuminating; the 
experienced legal chemist will find many 
helpful suggestions in the chapters on 
blood, firearms, application of newer op- 
tical methods, etc. Even the amateur 
chemist and the layman will find much of 
interest in these methods of scientific de- 
tection of crime. The book is clearly and 
entertainingly written, and it is hoped that 
subsequent editions will develop larger 
volumes. 


WiLtiaAM M, DEHN 


UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON 
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MISCELLANEOUS PUBLICATIONS 


Teacher Demand and Supply. Research 
Bull. Nat. Educ. Assoc., Vol. IX, No. 5, 
307-405 (Nov., 1931). Published by 
the Research Division of the Nat. Educ. 


Assoc., 1201 Sixteenth Street, N.W., 
Washington, D. C. 17.5 X 24.75 cm. 
$0.25. 


This is the résumé of a study on teacher 
demand and supply made by the Research 
Division of the National Education Asso- 
ciation. Thechapter headings are: (1) the 
profession and problems in demand and 
supply; (2) previous studies of teacher 
demand and supply; (3) the status of 
teacher demand and supply in the elemen- 
tary and secondary schools; (4) the prog- 
ress of research on teacher supply and 
demand problems in the various states; 
(5) procedures in the study, management, 
and adjustment of teacher personnel prob- 
lems; (6) a suggested state program; (7) 
summary and conclusions. Thirty tables, 
two charts and a selected bibliography 
containing one hundred seventy-three 
titles are included. 

C. M. Pruitt 


UNIVERSITY OF ALABAMA 
UNIVERSITY, ALABAMA 


Federal Relations to Education. Part I. 
Committee Findings and Recommenda- 
tions. Report of the National Ad- 


visory Committee on Education, 744 
Jackson Place, 
October, 1931. 


Washington, D. C., 
140 pp. 15 X 23 cm. 
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Part I of this report is divided into two 
ections. The first section presents such 
essential facts, principles, and arguments 
as are required to make clear the general 
policies and procedures arrived at by the 
committee. The second section presents 
the recommendations of the committee 
with regard to the governmental machin- 
ery necessary to realize in practice the 
policies advocated. 


Federal Relations to Education. Part IJ, 
Basic Facts. Report of the National 
Advisory Committee on Education, 
744 Jackson Place, Washington, D. C., 
October, 1931. xvi + 448 pp. 15 x 
23 cm. 


These pages comprise a compilation of 
facts from widely scattered legal, histori- 
cal, and statistical sources bearing upon 
public education, particularly with refer- 
ence to the direct and indirect participa- 
tion of the Federal Government in educa- 
tion throughout the diverse and far-reach- 
ing domains of our nation. The chapters 
of this volume (Part II) parallel the cor- 
responding chapters of Part I reviewed 
immediately above. 


The Consulting Chemist and Your Busi- 
ness. Foster D. Snell, Inc., 130 Clinton 
Street, Brooklyn, N. Y., 1931. 15 pp. 
16 X 24cm. Free upon request. 


This pamphlet contains a description of 
several forms of service offered by the 
consulting chemist. 
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Be Z _ WH / 
Y ¢ “COCEMM ECC AAS 
1780-1858 


PROFESSOR OF CHEMISTRY IN BowpoIN COLLEGE FOR FIFTY 
YEARS. AUTHOR OF A “TREATISE ON MINERALOGY,” A FAMOUS 
BooK OF PECULIAR INTEREST TO CHEMISTS BECAUSE IT WAS THE 
First Book IN AMERICA ON THIS SuByect in WHICH THE CLassIFI- 
CATION OF MINERALS IS BASED ON THEIR CHEMICAL CoMpoOsSITION. 
As A TEACHER, LECTURER, AND AUTHOR HE EXERTED A WHOLESOME, 
STABILIZING INFLUENCE ON CHEMISTRY IN AMERICA DURING THE 
First HALF OF THE NINETEENTH CENTURY. 


(For bibliography, supplied by Lyman C. Newell, see p. 571 of this issue.) 
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EDITOR’S OUTLOOK. | 


N discussions of the proper objectives of elementary,chemical instruc- 


tion and of popular exposition of chemical topics it is Gecasionally-set*~ 


forth that by these means young students may be attracted, to engage in 

chemistry as a life work. We believe that one 

Should the Teacher Il tion whether such an out i - 

a Recruiter for may well quest an outcome is un 
a qualifiedly desirable. 

Chemistry: Dickens once said that, ‘‘It is well for a man to 
respect his own vocation, whatever it is, and to think himself bound to 
uphold it and to claim for it the respect it deserves.”” No doubt many 
persons feel that they act in this spirit when they. inspire young people 
with enthusiasm for the activities to which they themselves devote their 
lives. Unfortunately, there is in most human beings a strong urge to 
proselyte. However, it is well to consider the fact that the effect is not 
always consistent with the spirit of the deed. Whereas a creed, sect, or 
political party is often esteemed, successful, and powerful in direct ratio 
to the number of adherents it can gain, the exact reverse is more likely 
to be true as regards a profession or vocation. There is probably no well- 
known profession more highly regarded, both among professional men in 
general and among laymen, than that of medicine. There the tendency 
from time immemorial has been toward restriction and careful selection 
of recruits rather than toward indiscriminate invitation. 

It is not our intention to suggest that it is either desirable or practicable 
to build up an artificial scarcity value for chemists. On the other hand it 
is well not to be blind to the fact that excellent goods may become a glut 
on the market by reason of overproduction. 

Chemical industry as a whole has weathered the present economic 
unpleasantness surprisingly well and chemists as a class have probably 
suffered as little from unemployment as any workers of comparable 
status. That they have not gone entirely unscathed, however, is amply 
demonstrated in the classified columns of the News Edition of Industrial 
and Engineering Chemisiry. From the long-time point of view the pres- 
ent situation warrants no acute anxiety—save among those who are so 
unfortunate as to be out of work at the moment. Practically every one 
else can afford to view the situation philosophically and in perspective. 
Furthermore, the indications are that the age of chemistry is still in its 
infancy. Nevertheless it should be remembered that future develop- 
ment can be discounted too early and too heavily. (Cf. the stock market 
reports for October, 1929.) The overproduction of chemists is not alto- 
gether an impossibility. On the whole it seems that the wisest course for 
teachers of chemistry to pursue is to make little active effort to recruit 
chemists at all, and of students who display an inclination toward chem- 
istry to encourage only those of exceptional intelligence and aptitude. 
Such students are not only more likely.to have cause to feel satisfied with 
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their choice of a profession in future years, but are more likely to reflect 
credit upon that profession. 

The advisability of such an attitude on the part of chemists and teach. 
ers of chemistry is not indicated by purely selfish motives. The first 
effect of an over-supply of chemists—particularly of mediocre chemists— 
is that only the man of exceptional training and ability is able to obtain 
work as a chemist at all. The others must gravitate either into the work 
of chemical technicians or out of chemistry entirely. This is unfortunate 
both for the would-be chemists and for the technicians displaced, but it is 
also a decidedly unprofitable situation for society at large. We do not 
buy a steam-shovel to dig the cellar for a bungalow. Why expend several 
thousands of dollars of public and private resources to train a man asa 
chemist and then put him at work which a bright high-school boy can 
learn in one month on the job? 

It may be argued that too conservative an attitude in this respect could 
hamper the development of chemical industry by reason of the fact that 
it takes from four to seven or more years to train a chemist and that a 
considerable lag might take place before an augmented demand could be 
met. This apprehension, however, has little practical basis. In peace 
times great groups of industries do not expand over night without warning. 
Even if, by some miracle, they did, the university is not the sole source of 
new recruits. Many workers in other scientific fields know as much or 
more about chemistry as the average A.B. or B.S. major in that field and 
could adapt themselves to chemical work if the need were urgent. Many 
men educated as chemists are engaged in activities where their chemical 
training is an asset but not an absolute essential. Some chemists are 
doing work which could be carried on, temporarily at least, by technicians 
under competent supervision. In short, there exists a considerable in- 
visible reserve which could ease the tension of any sudden need for more 
chemists. Such an adjustment is much more easily and quickly made 
than the reverse one. 

On the whole we need, and are likely for some time to need, “‘not more, 
but better chemists.” 


HE coming meeting of the American Chemical Society is the first to 
be held in New Orleans since 1915. In view of the rapid develop- 
ment of chemical industry in the South in recent years this meeting 
, ; should be of particular interest, not only on account of 

Spring Meeting : f . 3 : 
the inspection trips which will be arranged but also by 

of the A. C. S. : 

reason of the opportunity afforded to meet and enter 
into discussion with the men who are actually engaged in effecting a new 
industrial reyolution. (Readers will recall that the October, 1930, num- 
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ber of the JOURNAL OF CHEMICAL EDUCATION was devoted to ‘‘Chemical 
Progress in the South.’’) 

The tentative program for the Division of Chemical Education is to be 
found on page 576 of this number. It may not be amiss to note here, 
however, that Wednesday morning will be devoted to a joint meeting of 
the Divisions of Chemical Education, Biological Chemistry, and Me- 
dicinal Chemistry. The papers to be delivered at that session will con- 
stitute a symposium on ‘‘Chemistry in Biology and Medicine.” All who 
have read The Chemical Foundation’s excellent volume on ‘Chemistry 
in Medicine” (and what chemist has not?) will be interested to learn of 
still later developments in this fascinating field. The important question 
of chemical education for the future research worker in medicine or 
biology will also come in for discussion. 


HE April number of the JOURNAL OF CHEMICAL EDUCATION has 

been planned as a memorial to the late Dr. Edgar Fahs Smith who 
played so large a part in the early history of the Division of Chemical 
Education, now entering upon the tenth year of its 
activities. That number will contain the papers 
read in his honor at the joint meeting of the Divisions 
of Chemical Education and History of Chemistry at Buffalo last Septem- 
ber, as well as other appropriate material subsequently collected. Those 
who have in their possession hitherto unpublished, or otherwise unusual, 
photographs of Dr. Smith can contribute materially to the value of this 
special number by permitting us to borrow them for reproduction. Need- 
less to say, all such material will be handled with the greatest of care and 
promptly returned. To be usable photographs must be in our hands not 
later than March first. 


Edgar Fahs Smith 
Memorial Number 
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SALT-MAKING ON THE GREAT SALT LAKE 


Tuomas B. BRIGHTON, UNIVERSITY OF UTAH, SALT LAKE City, UTAH 


From the water of the Great Salt Lake common salt of various desired grades 
of purity is produced by simple steps of solar evaporation, drying, screening, 
and grinding. The magnesium chloride and sodium sulfate present in the lake 
water are left in the bitterns or removed by the drying-grinding process. 


Most of us take common salt for granted and do not stop to consider the 
magnitude of the industry which produces it. When, however, we regard 
salt as a preservative, food, and refrigerant, as well as the source of practi- 
cally all sodium and chlorine compounds, we can begin to account for the 
more than eight million tons produced per year of late in the United States. 
The world production totals about thirty million tons, this amount being 
distributed among practically all the nations of the earth. 

Salt has been used and has exercised its influence throughout the entire 
history of the human race. Some of the world’s oldest trade routes were 
established for traffic in it, and our forests and hills still carry trails made 
by animals going to and from so-called salt “‘licks.’’ 

Salt is used to a greater or less degree by all people and whether it be used 
as acondiment or supplied chiefly in foods, we are told that it must make up 
from fifteen to eighteen pounds of the diet per year. It is so important 
that where it is not widely scattered laws regulate its preparation and sale. 
A salt monopoly is extremely valuable as can be realized by studies of 
recent events in India and China. 

In the United States salt is widely distributed, with Michigan (31 per 
cent.) as the principal producer, followed by New York (26 per cent.), 
Ohio (17 per cent.), Kansas (10 per cent.), Louisiana (6 per cent.), 
California (5 per cent.), and Utah (1 per cent.). The remaining four per 
cent. is produced by the other states where the industry is not important. 

A study of government statistics for 1929 will show that 30 per cent. of 
the salt produced is classed as manufactured (evaporated), 45 per cent. is 
sold in brine and 25 per cent. is classed as rock salt. Evaporated salt is sold 
for approximately $7.00 per ton, rock salt $3.35 and salt in brine for $0.60 
per ton, so that the total value of the 8,543,560 tons was $27,334,695, repre- 
senting an average of $3.20 per ton. 

Of the 2,546,390 tons of salt classed as evaporated, 401,310 tons were 
produced by solar evaporation and of this 84,940 tons came from Utah. 
The manner of production of this Utah solar salt is to be described in this 
article. 

The Great Salt Lake, situated in about the middle of Northern Utah, is 
roughly seventy-five miles long by thirty miles wide and is the chief remnant 
of the very much larger Lake Bonneville which once covered a considerable 
area in the Great Basin. Lake Bonneville drained to the north into the 
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Snake and thence into the Columbia River and Pacific Ocean. As climatic 
changes occurred the original lake receded, its steps well shown by terraces 
on the mountains around Salt Lake City, and now only the Great Salt Lake 
is left to remind us of the once mighty body of fresh water. 

The lake is relatively shallow, its average depth being 15 feet, and so the 
salt content varies considerably from year to year, increasing during dry 
years and decreasing following periods of greater rainfall. Thus the 
salinity, in terms of per cent., varies from fifteen to around twenty-five, 
Increased use of irrigating water from feeder streams and recent relatively 
dry seasons have caused the lake to be now near its lowest recorded level, 
with a consequent high salinity. The sodium chloride content of the Great 
Salt Lake has been estimated by Gilbert at 400,000,000 tons with sodium 
sulfate 30,000,000 tons. 

The sodium sulfate content of the water is so high that normally it be- 
comes saturated at about 0°F. and during continued spells of cold weather 
a sodium sulfate mush, often an inch or more thick, collects on the surface 
of the water. This Glauber’s salt is carried onto the shore by the waves 
and left behind and it is often possible during cold winters to scrape to- 
gether tons of it. Spring rains wash it back into the lake. 

The bottom of the lake, at least near the shore, is covered with a layer of 
oblitic limestone sand from a few inches to a foot or so thick. Under this 
limestone sand occurs a layer of Glauber’s salt, sometimes solid, sometimes 
stratified with layers of sand. This Glauber’s salt may be from an inch or 
two to two or three feet thick and is so hard that piling has to be steamed 
into place. After steaming in, the piling is in place to stay since the melted 
salt resolidifies. At present no use is being made of the sodium sulfate 
present in and under the water. 

The water of the Great Salt Lake is quite similar to sea water in composi- 
tion though it is about seven times as concentrated. The calcium and 
magnesium contents are lower than in sea water so that, on the whole, the 
brine is a very desirable one for salt-making. 

Two plants are now active in the manufacture of salt from lake brines 
but since processes are similar in both, only the one of the Royal Crystal 
Salt Co. at Saltair, Utah, fifteen miles west of Salt Lake City, will be de- 
scribed. 

Brine at the rate of 5000 gallons per minute for twenty-four hours per 
day during the evaporating season is pumped from the lake into a flume 
which carries it to a series of ponds for settling, concentration, and crystal- 
lization. The brine goes first to the settling ponds where it remains for 
five or six days to allow suspended matter to settle. It passes next into 
four concentrating ponds, each covering 250 acres. Here the brine is held 
for about three weeks and is allowed to evaporate until it is saturated and 
ready to deposit sodium chloride. The saturated brine flows by gravity to 
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PILING SALT DURING HARVEST 


twenty crystallizing ponds, each of ten acres area. Here the water 
evaporates and salt crystals form but the bitterns run to waste at such a rate 
that the saturation point for sodium sulfate and magnesium salts is not 
reached. 

Clay dikes or embankments, twenty-two inches wide, held in place by 
boards set on edge, separate the ponds. 

Pumping begins in April and continues until the middle of September, 
with greatest activity between the middle of June and September when the 
evaporation rate is highest. Flow through the ponds is continuous and is 
regulated so that only pure sodium chloride crystallizes out. Care must be 
exercised to drain off the bitterns before cold weather comes on in order to 
avoid precipitation of Glauber’s salt which separates out a little above 
freezing temperatures. 

A permanent salt floor covers the bottom of each pond. This floor is 
from twelve to fifteen inches thick and is maintained by allowing a little 
fresh brine to go to complete dryness early each summer. It was formed by 
precipitating salt for several years without removing any of it until after 
the desired salt thickness had been obtained. The salt crop each year is 
separated from this floor by the so-called “‘split’’ and can be harvested 
without disturbing the permanent floor. - 

In the late fall, after a pond has been thoroughly drained, ordinary 
plows, drawn by light tractors, are used to separate the new salt crop from 
the permanent floor. With tractor-drawn scrapers and a conveyor, it is 
then stacked in large piles beside the railroad sidings along the ponds. 
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SALT-MAKING ON GREAT SALT LAKE 


FURNACE AND DRIER (DURING CONSTRUCTION) 


Here it is allowed to weather until needed at the mill and during this time it 
drains thoroughly and the fall and spring rains wash most of the remaining 
mother liquor off the crystals. 

An average annual crop is about four inches of salt although, during long, 
dry summers, as much as six inches may be harvested. 

Some salt for special purposes is shipped direct from the stock piles 
beside the ponds but most of it is loaded by conveyors into railroad cars 
and hauled by a gasoline-driven engine to the mill for refining or other 
preparation. 

The mill, built of corrugated transite board as protection against fire 
and corrosion, has a capacity of 50,000 tons per season. Salt is unloaded, 
elevated to a receiving storage bin above the drier house and then passes to 
arevolving kiln drier. Here the salt as it moves through the rotating kiln, 
meets the hot gases from an oil fire and becomes so hot that next it is 
passed through a cooler, similar in construction to the drier but unin- 
sulated. As it leaves the cooler the salt is just safe to handle in wooden 
chutes and bins at about 175°F. 

From the cooler the salt is elevated to a stock bin from which it is fed to 
various sets of rolls and screens for crushing and sizing. Products from 
the screens are of nine sizes and each size is stored in a separate bin from 
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‘ DRIER AND COOLER 


which it is fed into automatic sacking and packaging equipment which put 
the salt into its market forms. 

A variety of grades of salt is produced by a process of grinding and 
screening. These may be enumerated as kiln-dried stock salt, used for 
cattle feed and curing hides; extra coarse, used for ice-cream making, for 
regenerating zeolite water softeners, and for stock feed; special stock salt, 
used for sheep feed and metallurgical purposes; hay salt, for curing hay and 
as stock feed; No. 2 meat salt, for curing meat, for curing small hides and 
for pickle making; No. | meat salt, for curing meats and pickles; table 
salt, for cheese making, baking, and general household purposes; butter salt, 
used by butter makers, bakeries, and for household purposes. A portion of 
the table salt is mixed with 0.2 per cent. by weight of potassium iodide to 
make “‘iodized”’ package table salt, used by many because of an iodine 
deficiency in the water and food supplies of much of the intermountain 
west. 

A considerable tonnage of salt is ground fine and pressed into blocks 
weighing fifty pounds each. These blocks are used as ‘“‘cattle licks’’ and 
may be made of salt or may contain added sulfur. In some case iodides 
are added to the block salt and so a product is available to suit the fancies 
of each cattle or sheep raiser. 
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PRESSING BLOCK SALT FOR CATTLE LICKS 


As the salt comes from the stock piles it is relatively clear and shiny in 
appearance, with its chief impurity Glauber’s salt. As it comes from the 
drier it has become somewhat dull in appearance but most of the sodium 
sulfate has been dehydrated and blown off. A strong air blast passes 
through the drier and a considerable part of the dust carried out is sodium 
sulfate. Along with this sodium sulfate are a few crystals of gypsum 
though this salt is relatively small in amount. 

When the dried salt is screened, the coarser crystals are found to be more 

pure than the finer ones and as the coarse crystals are progressively ground 
and screened, the coarse material on the screen approaches nearer and 
nearer 100 per cent. NaCl. The table, butter, and cheese salts are 
made from the last portions of the coarse crystals and so are of very 
high purity. 
A series of samples taken on the same day and analyzed by the author 
showed the compositions listed on page 414. Since gypsum is occasionally 
seen in the drier dust and sodium sulfate is near saturation in the mother 
liquor, it seemed justifiable to calculate all calcium as CaSO, and the rest 
of the SO,as NasSO,. Doing this, a sample scraped direct from the drained 
pond but not weathered at all showed: 
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SACKING AND PACKAGING SALT, WEIGHING AUTOMATIC 


Water insoluble (mostly clay) 0.04% 
CaSO, 0.41 
NaeSO, 3. 78 
MgCl, 1.91 
NaCl (by difference) 93.86 


Samples taken in the refinery, analyzed in the same way showed: 


1. Salt from stock pile 99.3% NaCl 
2. Extra coarse kiln-dried 99.5 
3. Coarse kiln-dried 99.5 
4. Unscreened stock salt 99.5 
5. Hay salt 99.4 
6. No. 2 salt 99.5 
7. No.1 salt 99.7 
8. 40 mesh—table salt 99.7 
9. Butter salt 99.8 


So, starting with a brine, nearly saturated with sodium chloride and 
relatively high in sulfate and magnesium ions, salt of a variety of grades is 
produced by solar evaporation, one heating, and grinding and screening, 
and is supplied to a considerable portion of the intermountain west, the 
territory supplied being limited by freight charges. 
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So while Utah produces but one per cent. of the nation’s salt, the product 
isof high quality and the industry is an interesting example of the utiliza- 
tion of one of our natural resources. The process is of added interest be- 
cause of its simplicity and directness in producing its finished products. 
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New anesthetic found according to prediction. A new general anesthetic for 
use in surgical operations, which is more rapid and efficient than ether, chloroform, or the 
anesthetic gases, has been discovered in accordance with a prediction of Dr. C. D. Leake, 
professor of pharmacology at the University of California Medical School, Dean Langley 
Porter announced recently. 

The new anesthetic is called divinyl oxide. It is chemically related to ether and 
ethylene and will probably be given in the same way that ether is. However, it is 
superior in several ways to these anesthetics. 

Recovery is more rapid when diviny] oxide is used for an operation than when ether 
isused. There is less excitement and less nausea with the new anesthetic. There is 
also less irritation of the lungs and less disturbance of the body’s chemical equilibrium. 
The heart action is not greatly changed. 

Diviny] oxide is a liquid which boils at a low temperature. It is inflammable and as 
explosive as ether. 

Associated with Dr. Leake in the work leading to this discovery were Mrs. Mei-Yu 
Chen Mai, now in Peiping, China; Dr. P. K. Knoefel, Fellow of the National Research 
Council; and Dr. A. E. Guedel, Los Angeles anesthetist. 

While investigating the anesthetic action of ether and ethylene at the University of 
Wisconsin, Dr. Leake predicted that divinyl oxide, the chemical relative of these sub- 
stances, would prove valuable. 

At his request, it was produced in a chemically pure form by Dr. R. T. Major and 
Dr. W. L. Ruigh of Princeton University and the Merck Laboratory for Pure Research 
at Rahway, N. J. It was then given a trial and as a result the world has a new anes- 
thetic. 

Divinyl oxide may be obtained from the common garden variety of leek, but only 
by a laborious process. It has been found more practicable to obtain it by another 
method. 

Clinical evaluation of the new anesthetic is still proceeding at the University of 
California Hospital under the supervision of Dr. H. C. Naffziger, professor of surgery, 
and Dr. D. Wood. 

The experiments leading to this discovery were made possible by financial aid from 
public-spirited citizens, chiefly the Christine Breon Research Fund, Dean Porter said.— 
Science Service 















SOLAR RADIATION* 


C. G. ABBoT,** SMITHSONIAN INSTITUTION, WASHINGTON, D. C. 


In this article the importance of solar radiation for light, power, planj 
growth, and beauty is indicated; and the principles of its measurements, anj 
results as to quantity are explained. The absorption by terrestrial gases and 
vapors, the importance of water and ozone absorptions for life, the variability 
of the sun and five newly discovered regular periodicities therein, and the dis. 
tribution of radiation over the solar disk and in wave-lengths is discussed, 
New observations at the Smithsonian Institution on radiation and plant growth 
and experiments in solar cooking and solar power are included. 


Directly or indirectly our most important interests depend on the solar 
radiation. The sun rays keep the earth warm enough to sustain life, 
Variations of their intensity associated with summer and winter, and with 
night and day, produce climates. Slight variations of the original output 
of rays from the sun itself seem to be highly influential in altering 
the weather. All growth in plants depends upon the application of solar 
energy. Our atmosphere is the source of carbon, which is a principal 
plant constituent. The trifling percentage of carbonic-acid gas contained 
in air is the essential food of plants, but it cannot nourish them without the 
help of radiation. The health of animals, including man, requires radia- 
tion. The prevention of rickets by the curious direct and indirect in- 
fluences of ultra-violet rays has formed a fascinating chapter in the story 
of recent investigations. 

Power is principally derived indirectly from solar radiation. Solar heat 
evaporates the oceans, drives the clouds inland, precipitates the rain and 
snow, and thus maintains the world’s hydroelectric power sources. Enor- 
mous as these are, they are, nevertheless, trifling compared to the power 
derived from oil and coal. Oil, the less important of these two sources, 
comes mainly from animal life that was sustained ages ago by the vegeta- 
tion fed by the ancient sun. Coal, on the other hand, is the end-product of 
decomposition of vegetation. The enormous deposits of coal, which are 
now the world’s principal sources of power, represent but a trifling per- 
centage of the solar energy lavished on the earth in former geologic ages. 

These are highly indirect applications of solar radiation for power 
supplies. It is possible, however, as numerous inventors have shown, to 
produce heat for driving engines by the direct absorption of solar rays. If 
the devices now available for this purpose should be but a little more 
improved, the desert regions of the world could supply cheap solar power 
in quantities beyond the largest possibilities of future world demands. 

* Presented before the Physical Science Section of the Eleventh Ohio State Educa- 
tional Conference, April 9-11, 1931. 
** Secretary. 
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A lesser, but still interesting aspect of solar radiation, lies in its use for 
domestic purposes. Food may be cooked, and water may be heated by 
simple and inexpensive contrivances for utilizing solar radiations. 

It may be that none of the services rendered to us by the sun is more 
important than its esthetic use. The colors of all flowers represent the 
fragments of the complete solar spectrum remaining after the pigments of 
the plant world have absorbed certain rays. Unabsorbed remainders are 
reflected and produce gorgeous mixtures of colors. Without the green of 
the grass and trees, the blue of the sky, the brilliant hues of flowers, and the 
more somber, but yet pleasing shades of the soil, and thousands of familiar 
objects on all sides, we should be sad indeed. 

Though thus obviously so important, it is little more than a century since 

measurements began to be made of the intensity of the solar radiation. 
Pioneers in this investigation were C. S. M. Pouillet, Sir John Herschel, 
and J. D. Forbes. They all devised instruments adapted to absorb the 
solar radiation as completely as possible and thus to convert it into heat. 
By appropriate devices for measuring the heat thus produced, they ob- 
tained measurements of the intensity of solar radiation. So intimate 
is the association between radiation and heat that many people have con- 
fused the two. Yet they are distinct and different. Radiation comprises a 
mixture of impulses which traverse a vacuum at the enormous speed of 
186,000 miles per second. These impulses are separable by prisms or 
gratings into innumerable regular periodicities. These periodicities pro- 
duce different sensations of color in our eyes. Many of them, indeed, are 
invisible to us. Since radiation can traverse the vacuum and nevertheless 
seems to comprise transverse waves of exceeding shortness, philosophic 
minds have not been contented to contemplate so great a paradox as waves 
traveling in nothingness. They have devised the idea of the luminiferous 
ether as a medium filling all space. At present, our ideas are in a state of 
flux regarding this abstruse subject, but at least we can think of radiation as 
something which can exist where there is no matter in the ordinary sense, 
for it comes to us across an immense void from the sun and the stars. Heat, 
on the contrary, is well recognized to be the motion of the molecules of 
material substances. The energy of radiation is competent to stir up this 
mode of motion called heat, when, for instance, radiation is absorbed by a 
black object. If the object is ‘‘absolutely black,” absorption is complete 
and all the energy of the ray is transformed into heat. 

The measuring instruments of Pouillet, Herschel, Forbes, and others 
exposed surfaces blackened with lampblack. This substance is not quite 
“absolutely black,” for it reflects away about 3 per cent. of ordinary sun 
tays. Kirchhoff, about seventy years ago, proved that a closed chamber, 
whether blackened or not, must be a perfect absorber. However small the 
percentage of rays absorbed at one impact, there is no escape, and the rays 
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must be reflected hither and thither until by innumerable impacts thei, 
intensity is reduced below any assignable minimum. This principle of the 
“absolutely black’’ chamber has been incorporated into the Smithsonian 
water-flow pyrheliometer. This instrument thus far is the world’s stanq. 
ard for measuring solar radiation. 

Assuming, therefore, that we have accomplished the complete absorp- 
tion of the solar ray, and its entire transformation into heat, and haye 
devised means for the exact measurement of the heat thus produced, we 
then may express the intensity of solar radiation at the earth’s surface. 
We are accustomed to express it in terms of the amount of radiation ab. 
sorbed upon a square centimeter of surface in a minute of time. We 
measure the heat produced in calories. In these terms we find the heat of 
solar radiation near noon on clear days to be approximately 1.4 calories per 
square centimeter per minute. To state the matter in more common terms, 
the solar radiation, if transformed completely into work, would produce 
roughly a horsepower per square yard whenever the sun is high in the sky. 
Thus even at 93,000,000 miles, the sun rays are tremendously powerful. 
The sun itself sends them out in every direction continually. This output 
equals the heat of the burning of 400,000,000,000,000,000,000,000 tons of 
anthracite coal per year. 

Measurements of solar radiation at the earth’s surface are subject to 
losses by absorption and scattering of the raysin our atmosphere. High up 
at an altitude of nearly 40 miles, there exists a small quantity of ozone 
which is that form of oxygen whose molecules contain 3 atoms instead of 
the usual 2. Ozone is a complete absorber of all rays in the extreme ultra- 
violet from wave-length 2900 A. U. onward for a considerable range. 
This is very fortunate. Otherwise our skin would be blistered and our eyes 
blinded, for these short-wave rays which are totally absorbed by ozone are 
highly destructive to animal tissues. On the other hand, it is not less 
fortunate that ozone allows some rays on the border of its absorption band 
to pass, for these rays between wave-lengths 2900 A. U. and 3100 A. U. are 
indispensable to prevent rickets. The total thickness of gas of the atmos- 
pheric ozone layer, if it could be brought down to sea level, would be less 
than one-eighth of aninch. Itis astonishing and even terrifying to contem- 
plate the narrow margin of safety on which our lives thus depend. Were 
this trifling quantity of atmospheric ozone removed, we should all perish. 
If it were ten times greater, we could not live. Rickets would prevail 
universally. 

Other little-considered atmospheric gases of great importance to ou 
comfort are water vapor and carbonic acid, both minor constituents of the 
air, quantitatively speaking. Without the water vapor, our earth, like 
the moon, would cool far below freezing every night within a few moments 
after the sun sinks below the horizon. Water vapor hinders the incoming 
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rays of the sun to the extent of 10 to 15 per cent., but it hinders the escape 
of the long-wave rays emitted by the earth by over 70 per cent. Thus 
water vapor acts like the gardener’s glass cover of his hotbed. It lets sun 
rays in profusely, but holds the earth rays from escaping, and so is an 
efficient regulator of climate. Carbonic-acid gas also acts in a somewhat 
similar way, but less efficiently than water vapor. The indispensable 
function of carbonic-acid gas in our atmosphere is to be the essential food for 
plants. 

Other atmospheric constituents which greatly modify the income and 
outgo of radiation for the earth’s surface are clouds and dust. The per- 
manent gases, oxygen and nitrogen, alter the incoming sun rays, it is true, 
but weaken them only slightly, and hardly alter the outgoing earth rays at 
all. The molecules of the permanent atmospheric gases, oxygen and 
nitrogen, scatter sun rays more and more powerfully toward the violet end 
of the spectrum. But what is thus lost to the direct solar beam comes to us 
almost wholly in the beautiful blue rays of the sky. Dust also scatters 
sun rays, but without much selection of color. A dusty sky is therefore 
nearly white. Sunset and sunrise owe their beautiful colors to the scatter- 
ing of sun rays by the atmosphere. When the sun is near the horizon, its 
rays shine very obliquely through the atmosphere and therefore by enor- 
mously long paths. The consequence is that the powerful tendency to 
scattering of the blue and violet rays so far depletes that part of the spec- 
trum that the sky light which reaches us has a yellow or even a red tinge. 
S. P. Langley, third secretary of the Smithsonian Institution, was a pro- 
foundly interested student of solar radiation and atmospheric absorption. 
He wrote (1): 


If the observation of the amount of heat the sun sends the earth 
is among the most important and difficult in astronomical physics, it 
may also be termed the fundamental problem of meteorology, nearly all 
whose phenomena would become predictable, if we knew both the 
original quantity and kind of this heat; how it affects the constituents 
of the atmosphere on its passage earthward; how much of it reaches 
the soil; how, through the aid of the atmosphere, it maintains the 
surface temperature of this planet; and how, in diminished quantity 
and altered kind, it is finally returned to outer space. 


Fifty years ago Langley invented the bolometer, an exquisitely delicate 
electrical thermometer sensitive to a millionth of a degree. He took it to 
Mount Whitney, California, in 1881, to measure the rays of the solar 
spectrum under the purest of skies. He also perfected and applied a 
method for determining the losses suffered by solar rays in traversing the 
turbid and absorbing ocean of atmosphere which always overlies even the 
choicest of observing stations. With some improvements, we still use the 
Langley bolometer and the Langley method. 
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FIGURE 1.—-VARIATION OF THE SUN’S RADIATION 


Comparative results of monthly mean observations 5000 miles apart at 
Montezuma, Chile, and Table Mountain, California. The two stations agree 
on it within an average discrepancy of 0.2 per cent. 


For the past twelve years the Smithsonian Institution has maintained 
stations on high mountains in desert lands where daily measurements of the 
solar radiation are made. Our best station at Mount Montezuma, Chile, 
nine thousand feet in altitude, lies in a desert where the rain seldom falls, 
and where neither animal nor vegetable life can exist. The observers must 
bring even water itself from the town twelve miles distant. The observa- 
tions are carried on in such a way that the losses caused by the atmosphere 
are determined accurately. Thus we are able to measure the intensity of 
solar radiation as it would be found outside our atmosphere altogether, 
as if one were on the moon, for instance. We allow for the ellipticity of the 
earth's orbit, and thus reduce the results to a constant solar distance. 
Following long custom, we call the resulting value “the solar constant of 
radiation.”’ It is on the average 1.94 calories per square centimeter per 
minute. 





FIGURE 2.—PERIODICITIES IN SOLAR VARIATION 


Monthly mean “‘solar constant’”’ values, 1918 to 1930, es into perio- 
dicities of 65, 45, 25, 11, and 8 months shown in curves C, D, F, and G. 
Their sum in curve B closely parallels the original curve A. tee’ Se 1931 
and 1932 forecast, curve I. Periodicities of shorter length found in 1924, 
curve H. 








2.5 | 
25, . 





CH, 1939 


an ae 


£ 


om Se 


tained 
| of the 
Chile, 
1 falls, 
5 must 
serva- 
sphere 
sity of 
ether, 
of the 
tance, 
ant of 


er per 


i aS a 


| ce aSSH OY 6 


tii wu 





Vou. 9, No. 3 SOLAR RADIATION 421 


Yet the solar-radiation intensity is not perfectly constant. It varies 
through a range of twelve per cent. Figure 1 shows how two of our 
stations, one at Montezuma, Chile, the other at Table Mountain, California, 
agree with.n 0.2 per cent. in tracing the variation of it by their monthly mean 
results over the past five years. The total range of variation shown by 
these monthly means is 1.5 per cent. Figure 2 shows in curve A the 
monthly Montezuma values since 1918. The total range in this period is 
2.5 per cent. Curves C, D, E, F, G are regular periodic curves of 68, 45, 
25, 11, and 8 months whose sum, given in curve B, almost exactly repro- 
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FIGURE 3.—SOLAR VARIATION, 1924 To 1930 


Daily observations at the Smithsonian Station, Montezuma, Chile. Circles 
satisfactory, crosses nearly satisfactory, points unsatisfactory. Rising and 
falling sequences of solar changes are indicated by full and dotted curves, re- 
spectively. 


duces the variation shown in the original observations given by curve A. 
Other shorter periods may be found in solar variation, as indicated for the 
year 1924 in curve H. I have ventured to forecast in curve I the probable 
march of solar variation in the years 1931 and 1932. 

Short-interval changes are also found as shown in Figure 3. I have 
indicated by curved lines, full and dotted, respectively, over 100 cases each 
of rising and of falling sequences extending over several days each. The 
smallest ranges considered in these short-period changes are 0.45 per cent., 
and the largest found is 2.5 per cent. I have compared with these sequences 
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the weather of Washington, Williston, and Yuma. The interesting result 
comes out that both temperatures and barometric pressures in weather 
show opposite courses depending on whether they accompany and follow 
rising or falling solar radiation. This is shown for Washington weather in 
Figure 4. Apparently major changes in weather are caused by small 
fluctuations in the solar radiation. 

If this is so, we ought to expect that the regular periodicities which are 
proved by Figure 2 to make up the principal solar changes since 1918 ought 
to be reflected in the weather. In Figure 5 one may see that this is indeed 
so. The principal changes in Washington temperatures since 1918 are 
represented as the sum of six regular periodicities, of which five are those 
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FIGURE 4.—WASHINGTON TEMPERATURES AND PRESSURES ASSOCIATED WITH 
AND FOLLOWING SEQUENCES OF SOLAR CHANGE SHOWN IN FIGURE 3 


The results given here are average results of a period of seven years. Note 
the opposition between the full and dotted curves corresponding to rising and 
falling solar radiation, respectively. 


found in the solar radiation. This gives us hope that weather may be 
susceptible to long-range forecasting. It would, indeed, be a great boon if 
the characteristics of coming seasons and years could thus be approxi- 
mately known in advance. But much further study must be made before 
this hope can be thoroughly tested. 

We see from these exhibits that solar variation is of two types, the long- 
range and the short-range, respectively.. Two kinds of causes probably are 
involved. The long periods of 68, 45, 25, 11, and 8 months are closely 
related to the well-known interval of 11!/, years in which the numbers oi 
sun spots wax and wane. This suggests that these longer range periodici- 
ties are due to increasing and decreasing agitation in the gaseous fluid which 
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composes the sun. It is to be regarded like the stirring of a fire with a poker 
which brings up from below the hotter materials, and throws out tempo- 
rarily a greater radiation in our rooms. 

The short-period changes of solar radiation, which run their courses in a 
few days, are probably caused in other ways. We may suppose that 
patches of increased or diminished radiating power form occasionally on 
the solar surface. An example of this, indeed, is often seen in the bright 
faculae which surround sun spots. On the other hand, there may be areas 
of diminished intensity above the sun spots due to the outrush of gases from 
within the sun and their consequent cooling by expansion as they reach 
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FIGURE 5.—PERIODICITIES IN WASHINGTON TEMPERATURE ASSOCIATED WITH 
THE PERIODICITIES IN SOLAR RADIATION SHOWN IN FIGURE 2 


Curves C, D, E, F, G, and H represent periodicities of 68, 45, 25, 18, 11, and 8 
months. Their sum in curve B roughly parallels the original curve A. These 
results indicate a real hope for long-range weather forecasting from solar- 
radiation observations. 


elevations of diminished pressure. If in either of these ways local irregulari- 
ties occur in the sun’s surface brightness, the complete solar rotation which 
takes place in about four weeks must present these fluctuating intensities 
toward the earth in their turns, and so produce short-interval variations of 
the solar constant of radiation. 

There is another variation of solar radiation, not periodic, but exception- 
ally interesting to theorists, as it throws light on the sun’s inner nature. I 
refer to the difference of brightness between the edge and the center of the 
solar disk. Figure 6 illustrates this observation and shows how different 
is the phenomenon when viewed in differently colored rays. In the ultra- 
violet, the sun’s center appears about three times as bright as its edge, while 
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in the infra-red the edge is almost as bright as the center. A great deal of 


theoretical investigation has been based on exact measurements of thes ; 
phenomena, which have been carried out in the years 1913 to 1929 by - 
Smithsonian observers on Mount Wilson, California. This study is alg o 
7 associated with the determination of the distribution of brightness as be. i 
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FiGuRE 6.—CONTRAST OF BRIGHTNESS BETWEEN CENTER AND 
EDGE OF THE SUN’s DISK AS SEEN IN DIFFERENT COLORS 


From Smithsonian observations. 


tween different wave-lengths in the solar spectrum. Smithsonian observers 
have determined this as shown by Figure 7. 

The study of the dependence of plant growth on radiation has lately been 
taken up by the new Division of Radiation and Organisms at the Smith- 
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FIGURE 7.—WAVE-LENGTH AND INTENSITY IN THE SOLAR 
SPECTRUM 

Smithsonian observation. 


sonian Institution of Washington. In order to have a better control of ‘ 
radiation intensity and hours of exposure than clouds and night would ‘ 
permit if solar rays alone were employed, we use mainly electrical lamps of 
special construction; the results will be applicable to the understanding of ; 
plant growth under natural conditions. 
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The essence of the problem lies in this, that plants grow by taking in 
carbonic-acid gas from the air through millions of little mouths called 
stomata which dot the under surfaces of the leaves. But this feeding 
occurs only when certain rays found in sunlight and other sources shine 
upon the plants. The questions are: Which are the effective rays? What 




















FicuRE 8.—PLANTS GROWING UNDER CONTROLLED LicGHT, HuMIpITy, 
AND TEMPERATURE 


Smithsonian Institution. 


differences are created in plant growth when the rays are changed either in 
color, in intensity, or in time of exposure per day? What are the chemical 
processes which go on in the laboratories of the plant leaves by which 
cellulose, sugars, odoriferous materials, fruit and nut substances, poisons, 
and the host of organic chemicals which plants produce are built up? 
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Finally, how does radiation cause plants to bend in those interesting ways 
illustrated by the sunflower and nasturtium, and by the twining stalks of 
the beans and peas? 

All of these questions are being studied at the Smithsonian Institution, 
The investigation is still young, so that little as yet has been published, 
Figures 8 and 9, however, give some idea of the ingenious apparatus and 
interesting work which have been developed already under the direction of 
F.S. Brackett. I will but mention the phototropic experiments in which a 
little oat sprout is being used as an indicator. It is situated between two 





FIGURE 9.—MEASURING PHOTOTROPIC BENDING OF OAT SPROUT 


Smithsonian Institution. 


lights of different colors, whose intensities may be graduated until the oat 
sprout grows vertically. Then, of course, the two lights are equal in their 
tendencies to produce bending. It is found that green is a thousand 
times more active than yellow, and blue thirty times more active than 
green to produce bending. Red and infra-red are like darkness, having no 
bending influence at all. ‘ 

Another very promising line of investigation is that illustrated in Figure 
10. Pure organic chemicals such as benzene, chlorobenzene, and others of 
greater and greater complexity are introduced in a spectroscope between 
the source of light and the recording thermopile which automatically 
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measures the spectrum energy. Absorption effects are produced on the 
infrared rays. These effects are found to be characteristic for each chemi- 
cal studied. In this way we are building up a system of organic chemical 
analysis, whereby chemical structure can be determined without making 
combustions. It is yet uncertain how powerful this method will eventually 
prove, but we hope it will throw much light on the abstruse reactions of 
plant growth under the influence of radiation. 

Figure 11 shows an experimental cooking plant which I erected at the 
Smithsonian station on Mount Wilson. Sun rays falling upon the great 
concave cylindrical mirror, 7 feet by 12 feet in surface, and moved by 
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FiGuRE 10.—ADSORPTION SPECTRA OF BENZENE DERIVATIVES 


Observed under the direction of Dr. F. S. Brackett, Smithsonian 
Institution. 


clockwork to follow the sun, are reflected upon a blackened brass tube in- 
cased by a vacuum-glass jacket. Within the tube, which lies parallel to 
the earth’s axis, is high-test engine cylinder oil. It grows hot, expanding, 
and rises up into a reservoir containing about 60 gallons of oil. Two ovens 
for cooking are inserted in this reservoir of hot oil. A return tube from its 
bottom completes the circulatory system, bringing cooler oi. 0 be heated by 
the mirror. For weeks at a time on Mount Wilson, the ovens remained hot 
enough to bake bread both day and night. All kinds of cooking except 
frying and broiling are readily done with this solar cooker. The kitchen 
where food is prepared remains cool, and the housewife has a delightful view 
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of the mountains as she steps out to place it in the ovens. The apparatusig 
too costly to be anything but a luxury. A.R 
The most successful solar power installation thus far made was located 
near Cairo in Egypt, and was used to pump water from the Nile for irriga- ; 
tion. A description of it is given in the Smithsonian report for 1915, dike 
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FicuRE 11.—ABsBot’s SOLAR COOKER ON Mount WILSON, 
CALIFORNIA 


The principle is the same as that just illustrated in the solar cooker, but 
vacuum jackets were not introduced to enhance the heating. 
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NATURAL CHEMICAL RESOURCES OF AUSTRALIAN PLANT 
PRODUCTS. PART II* 


A. R. PENFOLD, CURATOR AND EcoNoMIC CHEMIST, SYDNEY TECHNOLOGICAL Museum, 
SYDNEY, AUSTRALIA 


In this article the isolation and identification of naturally occurring B- 
diketones is discussed. Attention is called to the commercial production and 
umique value of a tea-tree oil (Melalauca alternifolia) in medical. ‘and dental 
practice. The commercial production of two well-known essential oil com- 
modities, Western Australian sandalwood oil, and ithe concrete otto of 
boronia in the State of Western Australia, as well as the interesting nature 
of their chemical composition are described. 

The remarkable features of some Australian essential-oil-yielding plants 
abnormally rich in the aldehydes, citral and citronellal, and the economic 
value of Eucalyptus oil residues rich 1n cuminal, phellandral, cryptal, etc., 
are reviewed. 

The occurrence of important physiological forms of well-known Aushidiaen 
trees, Eucalyptus dives, and Getjera parviflora, are of singular interest. These 
forms are indistinguishable both on morphological grounds and in the field, but 
are readily separated according to the composition of the respective essential oils. 


Before proceeding to discuss additional Australian plants and their 
essential oils, I propose to review some of the information set forth in Part I 
of this series. On page 1204 of Part I* reference was made to the essential 
oil of Backhousia angustifolia, and the occurrence therein of a new phenol to 
the extent of 75%. Since that date, this interesting substance has been 
critically examined by a team of investigators, with the result that the so- 
called phenol has been shown to be a @-diketone of the formula C,,HiOs 
(not CioHyO3; as previously reported), and called angustione. It was 
found that while the boiling point remained constant the specific gravity 
and refractive index varied within considerable limits with preparations of 
the diketone separated from different consignments of oil. The specific 
gravities varied from 1.085 to 1.1054 and the refractive index showed 
extreme limits of 1.5130 and 1.5288. 

These marked differences were subsequently shown to be due to the 
angustione just mentioned and a closely related diketone of the formula 
CyHO;. These two ketones are the first naturally occurring 6-diketones 
which have been investigated. The chemical and physical characters are 
compared in the following table. 


Formula CiHie0s CyHiy03 
Boiling Point 129° (15 mm.) 126-127° (11 mm.) 
Specific Gravity, 20° 1.089 1.103 
Refractive Index, 20° 1.5087 1.5313 
Optical Rotation —5.56° —2.03° 





* Part I was published in J. Cuem. Epuc., 6, 1195-205 (July-Aug., 1929). 
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They have been shown 
to be fairly widely dis 
tributed in Australianes. 
sential oils, having been 
observed in some of the 
eucalyptus and boronia 
oils. No economic value 
has yet been found for 
these interesting bodies 
which are readily charae- 
terized by the orange-red 
coloration given with 
ferric chloride in alcoholic 
solution, the crystalline 
amino derivative pro- 
duced by reaction with 
ammonia and the charac- 
teristic purplish crystal- 
line copper compound. 
It is interesting to note 
that these substances are 
readily soluble in dilute 
alkali solutions by which 
they are removed from 


the crude oils. It will 


TREES OF MELALEUCA ALTERNIFOLIA AT CoRAKI, be necessary for future 
New SoutH WALES 











workers to investigate 
closely the constituents removed by dilute alkali solutions in order to deter- 
mine if the substances are acidic, phenolic, or diketonic. For those 
especially interested in the chemistry of these naturally occurring sub- 
stances, reference should be made to the J. Chem. Soc., 1930, pp. 1185- 
201, and 1931, 287-94. 


Tea Trees 


Under this head reference was made to the essential oil of Melaleuca 
alternifolia, which was about to be placed on the markets of the world. 
Since that date, the oil has achieved a reputation for itself by the remark- 
able results which have been obtained by its use in medical and dental 
practice. Of course, those engaged in its commercial exploitation have 
protected themselves by marketing the oil under the name of ““Titrol’’ and its 
suspension in soap solution as ‘‘Melasol’’ and “‘Intol.”” The essential oil 
was shown to possess a Rideal-Walker coefficient of 11, and to be non-toxic 
and non-irritant. Its great value in surgical work has been due to its 
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DENSE YOUNG GROWTH OF MELALEUCA ALTERNIFOLIA 


power of penetrating pus, and of mixing with it in a manner which causes 
it to slough off, leaving a healthy surface. Some idea of the wide field of 
usefulness in which this oil has found application can be gaged from the 
following conditions which have responded to treatment: perionychia, 
empyema, gynecological conditions, skin conditions, [epidermophyton 
infection (psoriasis), impetigo contagiosum, pediculosis, ringworm, tinea 
albuginea], throat and mouth conditions (acute nasopharyngitis, catarrh, 
thrush, and ‘‘aphthous”’ stomatitis, tonsilitis and ulcers of the mouth, sore 
throat). 

The illustration shown on page 432 depicts a lagoon from which an 
excellent water supply is obtained for the distillation of the leaves and 
terminal branchlets of the trees as well as the crude stills used for the extrac- 
tion of the oil. These stills consist essentially of 400-gallon ship’s tanks 
suitably connected to a condensing system and are ‘very efficient in the 
hands of skilled operators. The other illustrations shéw the nature of the 
tree and the thickness of growth in the areas under exploitation, in the 
Northern Rivers districts of New South Wales, generally in country of a 
swampy nature unfit for any other purpose. 

The trees are noted for their remarkable reproductive properties. 
Farmers have been unable to clear their properties of them beyond actual 
“grubbing’’, 7. e., entire removal from the ground. The tall trees when cut 
yield a very quick foliaceous regrowth which is ready for commercial 










JOURNAL OF CHEMICAL EDUCATION Marcu, 1939 


DISTILLATION OF MELALEUCA ALTERNIFOLIA AT BUNGAWALBIN, CORAKI, 
New SoutH WALES 





cutting within a period of twelve months. Undoubtedly the State of New 
South Wales possesses a very important asset in this tea tree. 

There are two very interesting commercial essential oils which emanate 
from the State of Western Australia. I refer to the well-known Australian 
sandalwood oil and the concrete otto of boronia. 

Sandalwood as is well known has been much sought after by Eastern 
nations since the earliest periods when the wood was used for carving and 
for incense. Even today it is still used in the East for similar purposes. 
The occurrence of sandalwood in the world is almost entirely confined to 
India, the Eastern Asiatic Archipelago, and the western and northern por- 
tions of Australia, including Queensland. A great deal has been written con- 
cerning sandalwood and its essential oil, but I intend to confine my remarks 
primarily to the Australian product. The well-known East Indian sandal- 
wood oil of commerce is obtained by the distillation of the wood of Santalum 
album and since the Great War of 1914-18, it has become practically a 
monopoly of the Mysore (India) Government. There has unfortunately 
been considerable controversy regarding the correct botanical derivation 
of the West Australian sandalwood tree. The writer is not a trained 
botanist and, therefore, is compelled to recognize the determination of the 
Royal Botanic Gardens, Kew, which is Eucarya spicata (Sprague and 
Summerhayes) (Syn Fusanus spicatus, R.Br.; Santalum spicatum, A.Dce.; 
S. cygnorum, Miq.). Then again the controversy has not been confined to 
its botanical origin alone, but the question of its chemical composition has 
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GEIJERA PARVIFLORA (‘‘WILGA”’) AT NARRABRI, N. S. W. 


been similarly debated. I do not wish to bore readers with the various 
controversial views. Great credit, however, is due to the persevering 
efforts of the Western Australian manufacturers, especially during the 
past ten years, which have resulted in the marketing of an excellent quality 
of oil second to none. It has to be remembered, too, that the present high 
quality of commercial oil has been attained only by careful selection of 
raw material and rectification of the crude oils. This achievement can 
best be appreciated when a perusal of the literature reveals that early 
samples contained only 75% of sesquiterpene alcohols as compared with 
95% of these bodies in the present-day commercial article. 

The East Indian oil, of course, contains approximately 90% of ses- 
quiterpene alcohol in its crude condition, although it contains small 
amounts of other alcohols, yet it is generally considered to consist essentially 
of the sesquiterpene alcohols a- and §-santalol. The Western Australian 
oil undoubtedly contains santalol, but to a much less extent, approxi- 
mately 60%. The remainder consists of a very closely allied sesquiterpene 
alcohol which is now under investigation. 

According to Mr. H. V. Marr, who has written much on this subject, the 
sandalwood industry of Western Australia dates back to 1846, when the 
first record of exportation shows that four tons of wood, valued at £50, 
were exported. This writer stated that until the establishment of the 
Mysore monopoly, trade in sandalwood from Western Australia to other 
countries proceeded without any interference from the government. 
Large tracts of forests were denuded of sandalwood and shipped away 
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along the coasts of Western Australia to eastern markets. The distri 
from which the best quality of sandalwood has been cut in recent years 
and which produces the best wood is an area embracing Kalgoorlie, Ka. 
nowna, Laverton, and Mt. Morgan districts. Some idea of the state of the 
trade in sandalwood.in- Western Australia is shown by the statistics pub. 
lished by the Western Australian Forestry Department. From the yeas 
1845 to 1922, the total exports of sandalwood amounted to 350,034 tons 
valued at £3,298, 100; ’ As is generally known, the essential oil is obtained 
from the wood of the tree, the butt, and the roots. The production of the 
oil has increased considerably from 6870 lb. weight in 1921 to about 
100,000 lb. weight in 1930. Large quantities of the Western Australian 
oil are forwarded to America for use in the soap industry. 

While treating of sandalwood oil I should not overlook the oil of Sani 
lum lanceolatum, another sandalwood tree which occurs in Western Ays- 
tralia, and plentifully in certain parts of Queensland. It contains about 
90% of a sesquiterpene alcohol C;;H2,O of unknown constitution, possessing 
the following characters: 


Boiling Point 153-154° (3 mm.) 
Specific Gravity 0.9474 
Optical Rotation —66.7° 
Refractive Index, 20° 1.5074 


It is highly levo-rotatory and yields a beautiful well-defined crystalline 
allophanate, of melting point 114°.. The oil was used to a limited extent by 
Western Australian manufacturers to bring up the levo-rotation of their 
commercial sandalwood oil produced from Eucarya spicata. I understand 
its use in this connection has now been discontinued. The oil, apparently, 
is not used at all at the present time, but the wood is exported in consider- 
able quantities to the East for incense purposes. The oil is still under 
investigation.. I cannot see why it should not be used to a much greater 
extent for purposes similar to commercial sandalwood oil derived from 
other sources. 


Concrete Otto of Boronia 


Australians are very proud and fond of their famous flowering plants 
called boronias, more particularly the well-known Boronia megastigma 
commonly called the brown boronia of Western Australia. This shrub, 
which attains a height of about six feet, is found in damp and swampy 
situations in the southwest of Western Australia, and is noted for its 
sweet-scented reddish brown flower. This plant is cultivated extensively 
in Victoria, principally for floral purposes. In Western Australia, however, 
its native habitat, enormous areas occur and these have been exploited by 
several prominent local manufacturers in the production of an excellent 
concrete otto. It is difficult to estimate the total production of this 
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substance but I have computed the annual production to be in the neigh- 
borhood of 200 Ib. weight of. concrete obtained from about 50,000 Ib. 
weight of blossoms. The odor of the concrete is a characteristic one and 
quite typical of the flower from which it is obtained. 

The writer examined the concrete some years ago and found it to contain 
the following constituents: triacontane (a paraffin of melting point 64°), a 
glyceride of palmitic and stearic acids, phytosterols, free palmitic, formic, 
and caprylic acids with small quantities of ethyl alcohol and ethyl formate 
and unidentified phenolic bodies. These constituents undoubtedly form 
an excellent fixative or carrier for the odoriferous components consisting of 
an unidentified alcohol and probably 8-ionone. 

It is interesting to note that this is the first reported occurrence of f- 
jonone in nature. The ionones are well-known synthetic substances pro- 
dueed:by the condensation of acetone and citral, noted for their violet 
odor in dilute alcoholic solutions. 

Th's preliminary evidence was subsequently confirmed by M. Sebastien 
Sabetay (Comiptes rendus, 180, p. 808) who separated a quantity of the 
actual ketone. 

Most of the concrete otto is used in Australia where it forms the basis 
of some beautiful creations of the perfumer’s art. 


Aldehydes 


Australia seems to be particularly rich in plants yielding essential oils 
containing aldehydes. The first one which comes to mind is the well- 
known lemon-scented gum of Queensland Eucalyptus citriodora, referred 
to in the table of commercial-yielding eucalyptus oils on page 1196 of 
Part I of this series. It was regarded as containing 90-95% of citronellal, 
but this work has recently been revised. It is usual for chemists to esti- 
mate aldehydes in this oil by absorption with 33% solution of sodium 
bisulfite, despite the fact that it has been shown by many chemists that 
alcohols and other oxygenated bodies were also absorbed by the bisulfite 
solution, and therefore are estimated as aldehyde. This oil has recently 
been re-examined (see Journal Sydney Technical College Chemical Society, 
4, pp. 53-60) and found to contain from 70-85% of citronellal when the 
aldehyde is estimated by the modified Holtappel method. Then there is 
Backhousia citriodora, a small tree endemic to Queensland which yields an 
essential oil containing 95% of citral, the richest source of this aldehyde in 
the world. The tree, unfortunately, grows in insufficient quantities to 
warrant commercial exploitation, Consignments of the oil were dispatched 
to Europe many years ago, but although orders have been received of recent 
date they have not been executed. The tree is cultivated, but in my 
opinion is too slow in growth, in comparison with Leptospermum citratum 
(previously described). This oil contains 50% citral and 35% citronellal 
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and the plant is remarkable for its rapid growth when grown under fayor. 
able conditions. Then there is Eucalyptus staigeriana, the lemon-scented 
ironbark of the Palmer River District of North Queensland, which contains 
from 28-38% citral and yields a very satisfactory substitute for oil of 
lemon, particularly for the flavoring of confectionery. Here again very 
little has been done in connection with the exploitation of this tree but ] 
understand steps are now being taken to produce the oil for commercial 
purposes. The question arises, of course, as to where there is a sufficiently 
good market for the product. 

One of the most interesting groups of aldehydes is that consisting of 
cuminal, phellandral, and cryptal, found occurring together in a large 
number of eucalyptus oils, especially those of the “Mallee” group. The 
demand for water-white eucalyptus oils to conform to certain require- 
ments of cineol content and the various pharmacopoeias has led to the 
rectification in Australia of all eucalyptus oils prior to export abroad. 
These high-boiling residues remaining in the still contain sesquiterpenes, 
sesquiterpene alcohols, etc., together with considerable quantities of these 
aldehydes with australol (p-isopropyl phenol). All these constituents 
possess high phenol coefficients as germicides (cuminal 12.75, phellandral 
9.25, cryptal 12, australol 22.5), and consequently these residues are much 
sought after by the disinfectant manufacturers. These aldehydes are not 
only of commercial value, but intense academic interest. The constitu- 
tions of cuminal and phellandral have been well known for some time, but 
only comparatively recently (January, 1930) has the constitution of cryptal 
been determined (4-isopropyl- A?-cyclohexenal). 

It is singular that these three interesting aldehydes should occur together 
in the crude oils of Eucalyptus polybractea, Eucalyptus cneorifolia, hemi- 
phloia, etc. The chemical and physical characters are compared in the 
following table. 


Cuminal Phellandral Cryptal 
Boiling Point 110° (10 mm.) 90° (5 mm.) 98-100° (10 mm.) 
Specific Gravity 0.982 (15°) 0.9412 (20°) 0.9442 (20°) 
Optical Rotation Inactive —130.85° —76.2° 
Refractive Index, 20° 1.5287 1.4912 1.4830 
Structural Formula CHO CHO CHO 
‘ é bu 
an SN Piles 
ee i. — nm 4 i. 
He: Ce HC CH, H.C CH 
VW VV 
Cc CH 


| 











inte 
fort 


fielc 
tior 


dis 


esp 


ob: 
int 
of 

foc 








H, 1932 


favor. 
ented 
ntains 
oil of 
Very 
but I 
ercial 
iently 


ng of 
large 
The 
uire- 
the 
‘oad, 
nes, 
hese 
ents 
dral 
uch 
not 


but 
Ital 


her 
mi- 
the 












oil was obtained to the extent of 0.6—1.18% on leaves containing about 10- 


Vou. 9, No. 3 AUSTRALIAN PLANT PRODUCTS 


Physiological Forms 


In my first article (see footnote, page 429) mention was made of the 
interesting series of physiological forms or varieties which had been ob- 
served in the case of the broad-leafed peppermint, Eucalyptus dives. These 
forms are indistinguishable both on morphological grounds and in the 
field from the type, but are readily separated according to the composi- 
tion of the respective essential oils. Since that date other interesting 
examples of a similar character have been brought to light, the most 
notable and recent one being Gezjera parviflora. 

This small rutaceous tree, commonly known as the “wilga’’ or “Aus- 
tralian willow’ is endemic to Australia. It is one of the best shade trees in 
the Western Districts of New South Wales, and stands drought conditions 
better than any other. It is an extremely handsome tree as will be ob- 
served from the illustration, possessing dense, spreading, pendulous foliage 
which in many parts practically touch the ground. The tree is widely 
distributed, growing in all States of the Commonwealth except Tasmania. 
Owing to the tree being abundant in the drought-stricken areas, the foliage, 
especially when other fodders become scarce, has frequently been relished 
by sheep. It is a not uncommon sight in Western New South Wales to 
observe trees which have been kept neatly trimmed by stock. It is the 
intention to limit my remarks to the essential oil obtained from the leaves 
of this interesting tree, and not to discuss the value of the “‘wilga’”’ as a 
fodder tree, about which so much conflicting evidence has been published. 


Geijera Parviflora 


New South Wales Queensland 
Yield of Oil 0.5% 0.65-1.2% 
Color of Oil Pale yellow Dark green to blue 
Specific Gravity 0.8672-0.876 0.907-0.9181 
Optical Rotation +42° to +50.85° About —6° 
Refractive Index, 20° 1.4743-1 .4750 1.4987-1.5005 


The examination of essential oils obtained from leaves and terminal 
branchlets from trees growing in various parts of New South Wales and 
Queensland has revealed a marked difference in the chemical composition 
of the oil from the two States (in this connection it is well to note that the 
division of the states is purely political or arbitrary). The New South 
Wales material was found to yield an essential oil of bright yellow color, 
quite mobile, with a pleasant but characteristic terpenic odor, to the extent 
of about 0.4%. It contained pinene and camphene to the extent of 80%. 
On the other hand, the oils obtained from material collected at Eidsvold, 
Queensland, varied from a dark green to a deep blue in color, according to 
the content of that fascinating blue hydrocarbon, azulene. The essential 
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15% of moisture. These oils were very viscous and possessed a sickly 
odor of linaloél with a new hydrocarbon of the tentative formula C,H, 
(boiling point 198-199° at 774 mm.). The wide variation in the chemical 
and physical constants is readily observed in the foregoing table. 

Botanists up to the present time have been unable to separate the New 
South Wales and Queensland trees on morphological evidence. The writer 
has not yet had an opportunity of examining the trees in the field and as it 
will be some time before such an opportunity presents itself, he has adopted 
the course of looking upon the New South Wales tree as a form of the 
(Jueensland one which is accepted as the type. That one is merely a form 
of the other is supported by the additional evidence that material collected 
from various parts of Queensland bore a close resemblance to the oil from 
the New South Wales trees, and appeared to be of an intermediate charac- 
ter. The New South Wales essential oil is a very excellent source of d- 
camphene, 

I mentioned earlier in this article that stock frequently relish the leaves 
of “wilga,’’ but, according to competent observers resident in the parts of 
the country where the tree abounds, there are certain trees which sheep will 
readily eat and others which they reject. It was thought that an examina- 
tion of the essential oil might reveal the reason, and although samples 
submitted by the Department of Agriculture, at Nyngan, New South 
Wales, and marked “readily eaten by stock’ and ‘‘not readily eaten by 
stock"’ were separately examined, no differences could be detected in the 
composition of the essential oils, beyond the observation that the terpenes 
separated from the oil obtained from the former were highly fluorescent. 
It is evident, therefore, that any differences must be sought for in the other 
chemical constituents of the leaves. 

The other constituents of the Queensland oil, such as the hydrocarbon 
and sesquiterpenes, are worthy of further investigation and the former is 
now receiving attention. 

While writing of the Getjera, it is worthy of note that another tree of the 
same family, called Getjera salicifolia, which attains a height of 60-80 ft. 
with a girth of 6-8 ft. and known as the ‘‘willow-leafed wilga,’’ yielded on 
steam distillation about 1.27% of a rare phenol ether called phloraceto- 
phenone dimethyl ether, of melting point 82-83°. The oil is, therefore, 
remarkable for the high content of this substance, being the richest source 
recorded up to the present time. The only other known source of this 
interesting substance is the essential oil of Blumea balsamifera. 








61 


re 


SSP 


gu 








oH, 1939 


Sickly 
Cu. 18 
emical 


e New 
Writer 
d asit 
lopted 
of the 
| form 
lected 
from 
larac- 
of d- 


eaves 
rts of 
D will 
nina- 
nples 
outh 
n by 
1 the 
enes 
rent, 
ther 


rbon 
pr is 


’ the 
) ft. 
1 on 
eto- 
ore, 
irce 
this 





A SURVEY OF THE CHEMISTRY OF FREE RADICALS* 


Moses GOMBERG, UNIVERSITY OF MICHIGAN, ANN ARBOR, MICHIGAN 


In this short paper an attempt is made io give an historical outline of the 
rble which the concept of radicals has played in the development of organic 
chemistry; this is followed by a brief survey of the class of compounds of 
recent origin known as triarylmethyls and related substances. These sub- 
stances are all characterized by the presence in their molecules of one carbon 
atom which functions only through three valencies; its fourth valence remains 
dormant. In modern language, its fourth valence electron is neither shared 
with, nor transferred to, any other neighboring atom. In terms of older lan- 
guage these substances are the long-sought-for free radicals. 


Lavoisier’s Radicals 


In accordance with his conception of the réle played by oxygen, Lavoisier 
came to consider all mineral substances as oxygen compounds—metals on 
oxidation becoming bases and non-metals, acids. The primordial stuff 
which thus can give rise to base or acid, as the case may be, Lavoisier 
designated as the “radical” of the corresponding oxygen compound. At 
that time (1785) about twenty-five such radicals—our present-day ele- 
ments—were already known to be actually capable of existence in the 
free state, 7. e., uncombined with oxygen or any other substance. Oxygen 
was thus set aside in this classification as a universal agent that could 
combine with all other elements. Lavoisier also determined the products 
of combustion of some organic substances, of alcohol, olive oil, tallow, 
and certain fruit acids. ‘‘I have observed,” he said, “that in the mineral 
kingdom all oxidizable radicals were simple; that in the vegetable king- 
dom, on the contrary, and above all in the animal kingdom, there were 
scarcely any radicals which were composed of less than two substances, 
hydrogen and carbon; that often nitrogen and phosphorus were also 
present; in this manner radicals were produced consisting of four com- 
ponents.” 

This alluring idea of Lavoisier’s, that compound radicals in products of 
animate origin function parallel with simple radicals in substances of 
inanimate origin, remained dormant for almost thirty years. 


Gay-Lussac’s Cyanogen Radical 


By the middle of the second decade of the nineteenth century, the 
methods of elementary organic analysis were perfected to a considerable 
extent, and this made possible the classic investigation by Gay-Lussac 


* Lecture delivered on the A. R. L. Dohme Foundation, at The Johns Hopkins 
University, April 27, 1930. 
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(1815) on hydrocyanic acid. Introducing for the first time the use of 
CuO as the oxidizing agent in combustion, Gay-Lussac determined definitely 
the: composition of anhydrous prussic acid as being HCN; he prepared a 
number of salts and other derivatives of this acid. Finally, by heating 
dry mercury cyanide he obtained the cyanogen gas itself. Analysis showed 
the gas to have the composition (CN). Impressed by the fact that the 
group (CN) is retained unaltered in all the various derivatives, hydro- 
cyanic acid, cyanic acid, salts of both acids, cyanogen chloride, etc., Gay- 
Lussac concluded: “This gas..... presents a remarkable and, as yet, the 
unique instance of a substance which, although compound, none the less 
functions as a simple substance in its combination with hydrogen or with 
metals.’’ Guided partly by these results of Gay-Lussac, and in part by his 
own findings concerning the compositions of organic substances, Berzelius 
could now well say, “In inorganic nature all oxidized bodies contain a simple 
radical, while all organic substances are oxides of compound radicals, 
The radicals of vegetable substances consist generally of carbon and hydro- 
gen, and those of animal substances of carbon, hydrogen, and nitrogen.” 


Hypothetical Radicals 


Henceforth, the theory of compound radicals, in one form or another, 
assumed a dominant influence in the development of organic chemistry. 
Through the whole period, from Gay-Lussac to Kekulé, the compound 
radicals continued to be merely hypothetical, and not real substances, 
with the exception of the three or four doubtful cases: Bunsen’s cacodyl 
(1838-40), Frankland’s and Kolbe’s methyl, ethyl, and valyl (1840-50). 
And yet Dumas, Berzelius, Liebig, Bunsen, Frankland, Kolbe, and others 
kept reiterating their convictions that the actual isolation of the radicals 
in the free state was only a matter of time. 

During the interval of the forty-five years, 1815-60, the concept of 
radicals and the implication of their function underwent a succession of 
deep changes. We may indicate four important periods. At first (1815- 
35) the radicals served primarily as agencies for classifying the ever- 
increasing number of organic substances. Around each radical, or what 
was surmised to be the true radical, was grouped a number of substances, 
heterogeneous yet related to each other by the fact of their being trans- 
formable, by appropriate chemical reactions, one into another, and all 
containing the same radical. The chemical properties of one group of 
substances differed from those of another, because of the difference in 
composition of the respective radicals in each of these two groups. Then 
followed a second period (1835-50) when the arbitrariness and the in- 
adequacy of this system of classification were becoming apparent. It was 
being realized more and more that the analogy between simple radicals, ele- 
ments, and the compound radicals is, at best, merely formal; the former 
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are immutable, the latter changeable by chemical means. Even more 
important than the circumstance of their mutability was the establishment 
of the fact that a deep-seated change in the composition of a compound 
radical did not always bring about a corresponding change in the chemical 
character of the new substances. To mention the most striking and most 
frequently quoted example, acetic acid, (C,H;-O),0-:H20, could be con- 
verted into trichloracetic acid, (CxCl;-O),O-H.O, and yet there was but 
little difference in the chemical properties of the original and the new acid. 
The conclusion seemed inevitable that more important even than the 
composition of the radical is the réle this radical plays in the structure of 
the compound. The composition of the radical may be changed, but if no 
appreciable alteration in the chemical properties of the compound had 
resulted from that change, then one is forced to infer that the general 
type of the original molecule has still been retained. If this inference be 
correct, then, vice versa, it was concluded that sameness of molecular type 
in structure should cause similarity of properties in the substances. But 
what could be the various possible types of structure? The answer to 
this question took shape within the next few years, 1848-58, thanks largely 
tothe labors of Wurtz, Hofmann, Williamson, Dumas, and Gerhardt. The 
type theory came into being. This constitutes the third important change 
in the theory of radicals. According to this new doctrine, all organic 
compounds fall into five simple types, wherein the organic radicals re- 
place the hydrogen in one or the other of five simple molecules: 


®). &. We. Be Bh 


It matters little, so it was assumed, what the composition of the radical 
may be which replaces the atoms of hydrogen, so long as the type of the 
resulting molecule remains unchanged. The emphasis of classification 
was thus shifted to new ground. Instead of grouping a number of het- 
erogeneous substances around one and the same radical as the pivot, it 
now became customary to group a large number of analogous substances 
around one and the same type, notwithstanding the fact that these sub- 
stances may each contain different radicals in the molecule. The type 
became the all-important factor. On that new basis, homologous series of 
hydrocarbons, alcohols, aldehydes, and acids came into general use and exis- 
tence of such series was readily explainable. It should not be a matter of 
surprise to us that Frankland, Kolbe, and other eminent men of that period 
saw possibilities of isomerism in the hydrocarbon C,H s—namely: 


CH C.Hs\. 
CH) and H 
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Both structures were of the type of the hydrogen molecule, but one with 
only one radical, the other with two, and the two substances, so it seemed 
at that time, should differ in physical and chemical properties. 


Valence Theory 1 


Even the type theory of structure, however, failed to explain some of 
the difficulties that were being encountered. For instance, the existence 
of three isomeric amines, C;sHyN, could be predicted on the type theory: 


CH; C.Hs C3H; 
CH; JN, CH; JN, H JN. 
CH; H H 


But in reality, four isomers existed, the fourth one having apparently the 
very same type structure as the third isomer. The conclusion was in- 
evitable that even a radical itself may exist in isomeric forms. The time 
had arrived when it became necessary to assign an internal structure even 
to radicals themselves. It is in reply to this demand that our present 
constitutional formulas have arisen. The ground had already been pre- 
pared. The definite combining capacity, or valence, of various elements, 
N, P, Al, etc.—was recognized (Frankland, 1852), and when Kekulé 
perceived that the carbon atom itself may be considered as quadrivalent, 
the rationalization of the structure of organic compounds, down to the in- 
dividual atoms, became possible. On the basis of the valence theory 
the radical, as something independent of the rest of the molecule, became 
an inconsistency. Isomerism of radicals became explainable on the basis 
of internal structure differences or atomic linking. This viewpoint con- 
stitutes the fourth important period in the changing concept as to the 
function of radicals in the structure of molecules. As time went on and 
the experimental evidence kept lending greater and greater support to the 
notion of quadrivalence in carbon, the less probable it appeared that ex- 
ceptions, with carbon in valence of 3 or of 2, would be discovered. UIti- 
mately, after the introduction of the periodic table (1870), the expectation 
of such exceptional cases was entirely given up. Even the previously 
reputed few exceptions—the radicals cyanogen, cacodyl, methyl, ethyl— 


on re-examination were found to be only apparent and not true radicals.. 


All were found to have a molecular formula double that previously at- 
tributed to them; consequently they were not free radicals at all, and pre- 
sented in their structure no exception -to the doctrine of quadrivalent 
carbon. 


Triarylmethyls 


For fuil forty years, from 1860 until 1900, the valence hypothesis con- 
tinued to serve as the one reliable guide in the phenomenal development of 
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organic chemistry, the constancy of quadrivalence of carbori'sexyin ag the. 
basis of this whole development. The firmness with which the notion 
of fixed quadrivalence of carbon was entrenched by the end of the nine- 
teenth century can be seen from the attitude as expressed at that period 
by Wilhelm Ostwald. In speaking of the Daniell cell and the unsuccessful 
attempts by Daniell to obtain the free sulfate ion, Ostwald, in his ‘“‘Electro- 
chemistry,’ published in 1896, makes this statement: “It took a long time 
before it was finally recognized that the very nature of the organic radicals 
is, inherently, such as to preclude the possibility of isolating them. And 
now it is becoming evident that the same holds true of ions.” 

It was against this background of uninterrupted progress for almost half 
acentury that a publication appeared in 1900 with the title, ““Triphenyl- 
methyl, an Instance of Trivalent Carbon.” The original intention of the 
experimenter was to prepare hexaphenyl-ethane, a saturated and presuma- 
bly an entirely stable hydrocarbon. The experiment was carried out in 
conformity with well-tried and well-established procedure. The reac- 
tion anticipated may be expressed by the following equation: 


2(CeHs)3C - Cl + 2Ag = (CeHs)3C -C(CeHs)3 + 2AgCl 


Moreover, in view of the presumptive structure of the new compound, 
one was justified in predicting the properties that might characterize it. 
At first, the results were very erratic, but when the operations were carried 
out in an atmosphere of carbon dioxide, nitrogen, or hydrogen, they were 
reproducible. The resulting substance, however, possessed not one of the 
predicted characteristics. Instead of being colorless, the substance proved 
to be colored, at least when in solution; instead of being stable and inert, 
it was the very opposite—it combined with the oxygen of the atmosphere 
with an avidity reminding one of the reaction between yellow phosphorus 
and oxygen. Instead of being, as a saturated hydrocarbon should be, 
unresponsive to the action of iodine, it greedily united with it. In the 
presence of platinum it absorbed hydrogen. It was affected by merest 
traces of acids; decomposed by light. It conducted the electric current \ 
in ionizing solvents, such as liquid SO., HCN. In brief, it showed char/ 
acteristics which singled it out from all known classes of organic hydrocar- 
bons. In order to account for this unusually unsaturated behavior, the 
plausible hypothesis was formulated that the two groups, (CsHs)3C, failed 
to remain in permanent union with each other, that a spontaneous dissocia- 
tion of the dimer into the monomer was taking place until an equilibrium 
was established: 
R;C — CR; + R;C + CR; 


In terms of the older chemistry, we had here free radicals of the order of 
the methyl; in terms of the modern structural chemistry, it meant that 
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the substance had one carbon atom which functioned not in the normally 
quadrivalent state, but only as trivalent. 

It was quite natural that there should have been hesitation, and even 
reluctance, to accept the views advanced. While the strictly chemicaj 
evidence appeared reasonably convincing, the molecular weight of the 
surmised triphenylmethyl indicated, within experimental error, an ethane 
rather than a half molecule, at least at normal room temperature, [t 
looked as if the history of cyanogen, cacodyl, ethyl, etc., would repeat itself 
on triphenylmethyl. But when it was found (Schlenk, Gomberg) that 
some other triarylmethyls—which in every other chemical respect were 
analogous to the triphenylmethyl—did possess a molecular weight corre. 
sponding to that of free radicals, then it was realized that triphenylmethyl 
has a real existence, that it is present in solution in the monomeric state 
only in slight amounts, and is in dynamic equilibrium with its d.mer, 
and that the extent of such spontaneous dissociation must depend upon the 
nature of the six radicals in the ethane molecule. By 1910 it became uni- 
versally recognized that the isolation of free radicals was an accomplished 
fact. At the present time there are known to exist almost two hundred 
substances, each indisputably with a carbon atom in the trivalent state. 
Trivalency of carbon is no longer considered anomalous; it is encountered 
infrequently because substances of this type are too reactive to persist 
under our everyday methods of experimentation, and they undergo rapid 
change into more stable systems. 


Anomalous Valence in Elements Other than Carbon 


After it had been definitely established that our conception of valence 
constancy in carbon had been erroneous, it has proved possible to prepare 
also radicals wherein elements other than carbon function in anomalous 
states of valence. In nearly all cases the element under investigation was 
loaded to its limit with phenyl or other aromatic groups, since that kind 
of configuration had proved so successful in the case of the carbon atom. 
Radicals are at present known with nitrogen bivalent (Wieland, Gold- 
schmidt) instead of the usual trivalent; with sulfur (Lecher) or oxygen 
(Pummerer, Goldschmidt) as univalent; tin (Rugheimer, Kraus) and lead 
(Kraus) as trivalent; with silicon (Kipping) presumably as trivalent; 
with boron as quadrivalent; with chromium as quadrivalent and univalent; 
and with arsenic as bivalent. For lack of time we shall limit ourselves 
on this occasion to the consideration of such radicals as contain trivalent 
carbon, and even these can be treated only briefly. 


Radicals with Trivalent Carbon 


Preparation.—(1) As regards methods of preparation, we still have 
to depend largely upon the same general method which was used by Bunsen 
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for the preparation of the supposedly free cacodyl, by Frankland for the 
ethyl, and which was also employed in the preparation of triphenylmethy]: 


2(CHs jeAsCl a Zn (CHs )eAs—As( CH3;)2 
2C.H;I + Zn C.H;—C.Hs 
2( CeHs)sC -Cl + Zn (CeHs)s;C—C( CeHs)3 


The solvent is benzene, ether, carbon disulfide, or some other non-reactive 
substance and all operations should be carried out in an atmosphere of 
carbon dioxide, hydrogen, or nitrogen. The metal may be Zn, Cu, Ag, 
Mg, Hg. Of these, molecular silver offers best advantages. 

(2) Conant has employed successfully vanadous chloride. This 
method is likely to prove most useful in those cases where the carbinol 
halide is too unstable and is therefore inaccessible, while the carbinol itself 
is still sufficiently stable to be used. It is interesting that stannous chlo- 
ride seems to be analogous to vanadous chloride in this respect. The 
carbinol is reduced to free radical. 

(3) Thermal decomposition of complex substances has at times been 
employed for the preparation of free radicals. Thus, azo-triphenylmethyl 
decomposes at 0°, and a similar reaction has been used by Wieland, as a 
last resort, in the preparation of the para-rosaniline radical: 


(CeHs)sC—N=N—C(CeHs)s 9 (CoHs)tC—C(CoHs)s + Ni 


(NH2C6H.)3C—N—=N—C(CeH4N He); heating 2(NH2CsH4)sC— + Ne 


(4) Electrolysis of metallo-organic compounds, such as zinc ethyl, or of 
triarylmethyl halide, has been successfully employed for the preparation of 
free radicals. 

The Proofs That Establish Existence and Degrees of Dissociation.—The 
diagnosis by strictly chemical means may be extremely suggestive but is not 
always fully convincing. When the dissociation of the hexa-arylethane in 
solution happens to be sufficiently large, then cryoscopic determinations of 
the molecular weight should tell the story of the dissociation fairly ac- 
curately. When, however, the degree of dissociation of the di-radical into 
the mono-radical happens to be so slight as to come within the range of 
usual error in cryoscopic measurements, 7. e., 3 to 8%, recourse can be had 
to colorimetric evidence. Experience in our laboratory has been that even 
those ethanes which show in solution complete dissociation are still color- 
less, or only slightly colored, in the solid state. Others have reported 
differently. Be that as it may, there is however complete agreement on 
these two points, namely: (1) there exists, even in solution, the colorless 
and the colored modification in equilibrium with each other; (2) there 
occurs an increase of color on further dilution of the hexa-arylethane solu- 
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tion. This behavior constitutes a deviation from Beer’s law, and is ex. 
plainable by the assumption that dilution increases the extent of dissocig. 
tion of the colorless ethane into the colored radical, which is in harmony 
with the general effect of dilution on all forms of dissociation phenomena, 
Whether formation of a free radical is an all-sufficient explanation for the 
color production, or whether one must assume that there is an additional 
tautomeric change with a constant equilibrium—colorless mono-radica] 
=> colored mono-radical—need not be discussed here. Suffice it to say 
that the intensity of color in either case should be, and by recent calcula. 
tions and experiments (Walden, Wooster, Ziegler) has been proved to be, 
proportional to the degree of dissociation. The colorimetric method 
therefore should be more reliable than the cryoscopic methods for measuring 
quantitatively the extent of dissociation of the hexa-arylethanes. 
There are many cases where dissociation is so slight that the solution of 
the ethane is colorless, and yet the ethane absorbs oxygen more or less 
readily, indicating at least a tendency toward a scission into two half- 
molecules. In such instances, heating the ethane in high-boiling solvents, 
xylene or anisol, will nearly always induce an increase of dissociation to 
such an extent that color will become visible. Then again there are 
cases when the ethane in solution develops no color even on heating, and 
does not absorb oxygen. It still is possible to get an indication of a poten- 
tial dissociation through the effect of metallic potassium or sodium-potas- 
sium alloy. These reagents split such ethanes with the production of 
R;CK compounds. Here, however, we enter upon debatable ground. 


Some Properties of the Free Radical 


Stability —Triphenylmethy] itself, in the solid state, is quite stable. A 
sample, after twenty years of storage, was found to absorb just as much 
oxygen as when first prepared. Other triarylmethyls differ very widely as 
regards stability; some decompose in a few hours, and others by the 
time their solution is concentrated to dryness. 

Color.—When dissolved, the radicals show each a characteristic selective 
absorption of light; solutions representing every color in the spectrum 
have been, obtained. Triphenylmethyl] is yellow-orange. Methyl groups 
in the side-chain of the benzene nucleus intensify the color toward orange; 
methoxy groups, more toward red; one p-nitro group induces deep green; 
three nitro groups, an intense fuchsine-like color. On exposure to aif, 
the color is discharged and insoluble peroxides are formed. 

Disproportionation.—It is a well-established fact that, occasionally, 
in a Grignard reaction when ethyl magnesium bromide is used, the ethyl 
radical does not attach itself to the carbon atom, but is set free. For some 
reason, however, it fails to be completely converted into the dimeric form, 
butane. Then we have the occurrence of disproportionation. One ethyl 
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robs the other of a hydrogen and there result equal amounts of ethane and 


ethylene: 
C2Hs + C2Hs = CoHs + CoHe. 


Asimilar disproportionation may be induced in triphenylmethyl by photo- 
chemical or thermal effects, one part becomes hydrogenated to triphenyl- 
methane, while another portion loses hydrogen from the nucleus: 


CeH, CeH, 
6R;C = 4R;CH + é »o cg . 
CH | | NCHy 
RR 


Molecular Combinations.—One of the most striking characteristics of 
the parent-substance, triphenylmethyl, is that it forms molecular combina- 
tions with practically every solvent in which it may be dissolved—ali- 
phatic, alicyclic, and aromatic hydrocarbons, ethers, esters, aldehydes, 
nitriles, carbon disulfide, chloroform, etc. On gentle warming, the solvent 
of combination or crystallization, can be removed. It may appear strange 
that other triarylmethyls, which are far more persistently monomolecular 
than triphenylmethyl, seem to be devoid of this extraordinary combining 
capacity. It is, however, possible to find a plausible explanation, but we 
shall not enter into it here (Gomberg, Chem. Reviews, 1, 109). 

Irreversible Combinations and Chemical Reactions.—The triarylmethyls, as 
a class, are among the most reactive substances known. In addition to 
their characteristic reaction of forming peroxides with oxygen, and with 
halogens regenerating triarylmethyl halide, there are a large number of 
other, more or less irreversible, spontaneously occurring reactions. The 
radicals combine with hydrogen, sulfur, nitric oxide, nitrogen tetroxide, 
sodium, (MgBr), quinone, diazomethane, etc.; they react with phenol, 
xylene, phenyl hydrazine, to mention but a few. 


Varieties of Trivalent Carbon Radicals 


The earliest type of triarylmethyl radicals consisted mostly of members 
wherein the three phenyl groups varied in containing side groups; 7. ¢., 
tolyl, methoxy-phenyl, halogenated phenyls, naphthyl, biphenyl, etc., 
replacing one, two, or all three phenyl groups in the original triphenyl- 
methyl. Asan extension of that group may be considered also such triaryl- 
methyls in which two of the aryl groups are either directly or indirectly in 
combination with each other forming a biphenylene, xanthane, thioxan- 
thane, or acridine ring. 
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Each of these four classes presents its own specific characteristic properties, 
but by far and large these radicals differ only in degree and not in principle 
from triphenylmethyl itself. In general, it may be said that the bipheny- 
lene type tends far more toward dimerization of the radical, while inter- 
position between the two aryl groups of an oxygen atom, a sulfur or a 
nitrogen atom, often induces complete dissociation of the ethanes into free 
radicals even at room temperature. 

In a class somewhat by themselves are those radicals wherein at least 
one of three groups is not an aromatic group at all. Kohler, as far back 
as 1908, determined the existence of such a case in the indyl compound. 
In this, the trivalent carbon atom is linked directly to two aryl groups only, 


rip cee oe 
es 


: 


the third valence being linked to an unsaturated ethylene group. A large 
number of variations of this general type of free radicals has become known 
through recent work by Ziegler, by Lowenbein, Conant, Marvel, and others. 
These variations consist largely in interposing an oxygen atom between the 
two carbon atoms marked in the above formula as 1 and 2. 

That such a change is likely to enhance the stability of the monomeric 
radical is to be inferred from the effect of the influence of the oxygen atom 
in the xanthenol series. The noteworthy fact in all these instances is that 
an aliphatic group which contains an ethylene or an acetylene linking may 
become more or less equivalent to an aryl group as regards imparting 
stability to radicals, 7. e., propensity of diradical to dissociate. 

Largely through the efforts of Conant and co-workers, a considerable 
number of hexa-substituted ethane compounds have been prepared in 
which one of the three groups on each of the ethane carbon atoms is 4 
saturated aliphatic group—methyl, benzyl, ethyl, propyl, m- and iso- 
and tertiary butyl, amyl, etc. In this class also, if the two aromatic groups 
are joined by an oxygen atom and form a xanthone ring, then a much 
greater tendency is shown by the ethane to dissociate into free radicals. 
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Pentaphenylethy! (Schlenk) is an example of a free radical which contains 
one aliphatic and two aromatic groups. 


on 


Gs 


00 


I am not aware that any successful attempts have been made in pre- 
paring free radicals which contain only one aromatic and two aliphatic 
hydrocarbon groups linked to the central carbon atoms. Recent work, 
particularly that by Marvel and his co-workers, suggests that some ethanes 
which contain four and six acetylene linkings approach in their dissociation 
behavior hexa-arylethanes. 

A few words concerning still a different class of dissociable ethanes. 
Wieland, twenty years ago, showed that the peroxide of triphenylmethy] 
on heating to 140° undergoes an intramolecular rearrangement: 


(CcHs)sC—O—O—C(CcHs)s —> (CeHs)2C—C(CcHs)2 
| 
CsH;—O O—CG.H; 
The resulting ethane shows a slight tendency to dissociate, when heated, 
into free radicals. Since that time several classes of similarly composed 
radicals have been prepared, namely, those wherein the central carbon atom 
is attached to two aryl groups and by the third valence is attached to an 
oxygen atom. 
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This talk would not be complete without at least bare mention of the 
striking investigations by Paneth, who demonstrated the transitory exis. 
tence of the radicals, methyl and ethyl, with a half-life period for the former 
of 0.006 of a second. Paneth’s results go far in making it appear more 
certain that in many chemical reactions free radicals, with momentary but 
decidedly measurable periods of existence, are intermediate products, 
May I refer to the very happy application of this idea by H. S. Taylor 
and by F. O. Rice, in their recent interpretation of the thermal decompogi- 
tion of aliphatic hydrocarbons? 

Thus, between these two extremes in the chronological sense, the tri- 
phenylmethyl of 1900 and the methyl of 1929, we have become definitely 
aware that liberation and formation of free radicals is a general occurrence 
in chemical reactions; that some are stable enough to withstand mutual 
collisions and so continue to retain their entities; others after a brief period 
of independent existence, unite with each other, or react, on collision, with 
molecules of other substances. 


Conclusion 


For the purposes of this review, it appeared somehow more desirable 
to adhere rather closely to matters of reasonably well-established facts, 
in preference to taking up the discussion of controversial phases of the 
subject. The reviewer is aware of the incompleteness of such a treat- 
ment. Many questions obtrude themselves: What factors actually deter- 
mine the tendency of dissociation in a substituted ethane? Is it weight 
and volume of the substituting aryl groups, or is it their peculiar chemical 
constitution? Why do two such substances as the biphenylene and the 
xanthone hexa-arylethanes, both of almost identical molecular weight, 
differ in dissociation degree from practically zero in the one to 100% in the 
other? How explain the fact that naphthyl, when replacing phenyl, 
enhances the persistence of the monomolecular state of the radical very 
markedly, and yet when it is a component in the xanthone ring, its influence 
is of the opposite character? If the electrochemical nature rather than the 
size of the aryl group is the determining factor of the dissociation capacity 
on the part of the ethanes, how explain that the strongly electropositive 
trimethoxy-triphenylmethyl and the strongly electronegative trinitro- 
triphenylmethyl are both equally persistent in the mono-radical state? 
If the heat of dissociation of hexaphenylethane is only 11.5 kg. cal. (Zieg- 
ler), as compared with 70 kg. cal. for the normal value for bond of carbon to 
carbon, may not this be due to the fact that the three phenyl groups on each 
of the two carbon atoms hinder stereally the latter from approaching each 
other to within 1.5 A. U., as carbon atoms normally do in diamond? An- 
other question—is there a difference in chemical structure as well as in the 
character of the electric charge in the three isomers, the neutral radical 
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triarylmethyl, the triarylmethyl anion in (CsHs)s;C~Na* and the cation 
in (CsHs)s3C*C1~? Is it probable, as has been assumed (Zelinski, Staud- 
inger) to be the case, that two carbon atoms within the same molecule but 
not contiguous, may each function as trivalent? And what—if one may 
dare to put the question—of two contiguous carbon atoms, as for instance 
in tetranaphthyl-ethylene? Some day we shall have definite answers to all 


these questions. 


Cosmic rays from depths of space leave visible tracks. The cosmic rays, 
piercing radiations from the distant heavens, have been seen. At least, the straight 
paths along which they travel were made visible in experiments reported recently to the 
American Physical Society by Dr. L. M. Mott-Smith and G. L. Locher of the Rice 
Institute, Texas. 

Bullet-like corpuscles must form the problematical cosmic rays, conclude these 
investigators, from their observations of these thin straight tracks of rapidly moving 
particles. 

The famous Wilson cloud expansion chamber, which has been used to spy even on 
colliding atoms, was used by Dr. Mott-Smith and Mr. Locher in these experiments to 
make visible the path of the rays. They appear as a train of water droplets in a strong 
light. 

Simultaneously with the formation of each bullet-track a signal was observed in an 
electroscopic instrument known as a Geiger-Miiller counter, used to detect the arrival of 
these messengers from the depths of space. 

Only a fast material particle like an electron could score such double hits, say the 
experimenters. They are ‘non-material’ waves like the gamma rays from radium, 
however, in the opinion of Dr. R. A. Millikan, leading American investigator of the cos- 
mic rays. 

Supporters of the wave theory of the rays believe that their particle-like behavior 
is not due to the direct action of the rays but to secondary electrons driven out of air 
atoms encountered by the rays. So there the matter rests with much to be said on both 
sides.— Science Service 

Growth-controlling extract being tried in cancer. A substance having remark- 
able powers of controlling the growth of living beings and of possible value in the treat- 
ment of cancer is being investigated in the laboratories of the Royal College of Surgeons 

of England and at King’s College, London. The discovery is due to a young biochemist, 
J. H. Thompson, who has found that an extract of the parathyroid gland of cattle 
will restrict or prevent growth without endangering the health of the organism. 

The most important application of this discovery lies in the treatment of cancer. 
It is being tested in several London hospitals with very encouraging results. Sir Arthur 
Keith has further suggested that it may be of value in the treatment of the disease called 
acromegaly or gigantism which is due to abnormal functioning of the pituitary gland. 

The effect of the extract was first observed on rats and rabbits, then on water cress. 
At the suggestion of Prof. Julian S. Huxley it was tried on the axolotl, a form of sala- 
mander. In all these cases the growth-retarding effect has been very marked. Treated 
tabbits have remained at about half the size of their untreated brothers and sisters. The 
germination of watercress seeds is entirely stopped by a 20 per cent. solution of the 
extract.— Science Service 
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INVESTIGATIONS OF ATOMIC WEIGHTS BY THEODORE 
WILLIAM RICHARDS 


GzorGE SHANNON ForBES, HARVARD UNIVERSITY, CAMBRIDGE, MASSACHUSETTS 


“The atomic weights . . . are certainly concerned in determining the 
composition of every compound substance in the heavens above, on the 
earth beneath, or in the waters under the earth. Every protein in each 
muscle of our body, every drop of liquid in the ocean, every stone on the 
mountain top bears within itself the stamp of the influence of this pro- 
foundly significant and impressive series of numbers.” 

While Richards was an undergraduate at Haverford College, and un- 
decided regarding his life work, he fell under the influence of Josiah P. 
Cooke, renowned and stimulating professor of chemistry at Harvard 
University. As early as 1854, fifteen years before the great achievement 
of Mendeléeff, Cooke had classified the elements into six series, in each of 
which the properties of the elements followed a law of progression. For 
years, also, Cooke had wondered whether the atomic weights were even 
multiples of the atomic weight of hydrogen, or of one-sixteenth the atomic 
weight of oxygen. After graduation, Richards was found in Cooke’s 
laboratory, revising the atomic weights of hydrogen and copper. Decisive 
evidence was soon forthcoming that oxygen was as low as 15.88 referred 
to hydrogen as unity. After attaining the degree of Ph.D. in 1888 he 
studied with three eminent German analysts—Jannasch in Géttingen, 
Kriiss in Munich, and Hempel in Dresden. Returned to Harvard, he 
again applied himself to the study of atomic weights “not merely because 
I felt more competent in that direction than in any other (having already 
shown the atomic weight of hydrogen distinctly too high and that of 
copper distinctly too low) but also because atomic weights seemed to be 
one of the primal mysteries of the universe.’ He continued his work 
with copper, and was impressed by the obstinacy with which copper 

oxide prepared by ignition of nitrate retained occluded gases. The fact 
that metallic chlorides and bromides could be fused (in an atmosphere of 
hydrogen chloride or bromide) without decomposition led him to use these 
substances as starting points; to precipitate silver chloride or bromide 
from them in water solution, and to collect and fuse the product. Both 
the initial reactants and the final products could then be assumed free 
from water and occluded gases. A variation in the above method in- 
volved the addition of weighed quantities of pure silver (converted into 
nitrate) to the solution of the dissolved halide until small samples of the 
supernatant liquid produced equal opalescence with equal additions of 
silver salt or halide. The six years following his first period of European 
study produced investigations upon halides of barium, strontium, zinc, 
and magnesium, uniformly resulting in marked improvement of the atomic 
weights previously accepted. 
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At this point occurred an event of the greatest significance in Richards’ 
scientific life. The late eighties had witnessed, in the rise of physical 
chemistry, the beginnings of a scientific revolution analogous to that taking 
place at the present time. Cooke had always advocated this sort of an 
approach to chemistry, and had rattled the dry bones of collegiate instruc. 
tion with such books as “‘Elements of Chemical Physics’ (1860) and “Prin- 
ciples of Chemical Philosophy’ (1868). Upon the decease of Cooke: in 
1895, Richards was chosen to continue his work. The better to prepare 
himself, he revisited Europe, to study with Ostwald in Leipzig and with 
Nernst in Géttingen. From this time on his interest in the subject con- 
tinually increased, and the critical study of analytical processes from the 
physico-chemical standpoint was a decisive factor in the success of all his 
atomic weight determinations. 

Upon his return, analyses of the halides of nickel, cobalt, iron, calcium, 
uranium, and cesium followed in rapid succession. In 1901 came the first 
of many great honors—the offer of a full professorship of chemistry at 
Géttingen. He accepted, instead, a corresponding appointment at 
Harvard, and remained in its service until his death in 1928. 

The great Belgian chemist, Jean Servais Stas (1813-91), had been an 
authority beyond compare in the field of atomic weights. His purifications 
had been so elaborate and his analytical precautions so exhaustive that 
everybody including Richards supposed his values to represent the ultimate 
in precision and reliability. In 1894 Richards had been puzzled by the 
fact that the atomic weight of strontium was higher by 0.033 unit when 
referred to Stas’ figure for chlorine than when calculated by reference to 
bromine. At that time Richards suspected his work on strontium chloride 
to be at fault, and left his results unpublished for eleven years. But in 
1904 the analysis of an unusually pure sample of sodium bromide con- 
vinced him that Stas’ figure for sodium must be in error. The masterly 
revision (1905) of sodium and chlorine demonstrated the errors which 
had caused Stas to find an atomic weight for sodium which was too high, 
and one for chlorine which was too low. Substituting 35.473 for 35.455 
in his former calculation of the atomic weight of strontium, the latter 
became 87.661 in agreement with 87.663 as found by analyzing the bromide. 

These papers established the supremacy of Richards’ methods, and 
attracted wide attention. To this period belong his important researches 
on nitrogen whose atomic weight he showed to be 14.008, in agreement 
with the values determined from gas densities. In 1907 he was visiting 
professor at the University of Berlin, where he lectured on exact quantita- 
tive analysis and directed several advanced workers in research problems. 
In 1911 he delivered in London the Faraday Lecture of the Chemical 
Society on ‘The Fundamental Properties of the Elements,” and received 
the Faraday Medal, an event to which he afterward referred as the climax 
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of his scientific career. In 1914 he was notified of the award of the Nobel 
Prize in chemistry for 1915. He was the first (and only, so far) American 
chemist to be so honored. Honorary degrees from twelve great universities, 
membership in an equal number of the most important learned societies, 
as well as medals and. decorations rarely bestowed, attested the world’s 
appreciation of his achievements. 

The following extract from his Nobel lecture on atomic weights expresses 
well the principles upon which his experiments were based. 


Experimental work of great refinement is necessary in order to 
determine atomic weights. No relationships between them have 
yet been certainly found which make it possible for us to compute 
by any sort of calculation exactly the value of any one atomic weight 
from any other. We must find by actual experiment the amount of 
one element which actually combines with the given amount of some 
other element, producing a pure compound of definite composition. 

The experimental work usually resolves itself naturally in several 
successive processes. In the first place, substances to be weighed 
must all be capable of actual isolation in a pure state, uncontaminated 
by any kind of admixture. This is no easy task. Whether we weigh 
the elements in their uncombined state or weigh them in the form 
of some compound of known composition, we must be very sure that 
conditions are such as to make possible the exclusion of all compli- 
cating impurities from the scale pan. 

Thus it comes to pass that comparatively few compounds of any 
given element are fit to serve as a means of determining its atomic 
weight, for the reason that comparatively few substances may be 
prepared in a perfectly pure state. The choice of the compounds 
to be employed is in some ways the most crucial part of the whole 
process, for with some compounds no result worthy of consideration 
could be obtained, even using the greatest care possible. To repeat, 
then, the first task is the choice of materials to be employed. 

The second task is a corollary of the first. Having chosen wisely, 
the experimenter must then prepare the substances, whatever they 
may be, in a state of the greatest possible purity. He must never 
forget that every precipitate carries down with it contaminating 
impurities adsorbed or included by the substance as it separates from 
the solution. He must remember always that no receptacle necessary 
to contain the substance is free from the possibility of being dissolved 
and thus affecting the result. Moreover, precipitates are never wholly 
insoluble; and most substances will volatilize and lose some of their 
weight if heated to an excessive temperature. These complicating 
circumstances combine often in unexpected ways to introduce im- 
purity into one’s preparation, and the experimenter must not only 
guard against these dangers, but must prove by adequate and satis- 
factory tests that no such complication has occurred. Moreover, 
above all he must not forget that oxygen, nitrogen, and water are 
almost omnipresent, and continual care must be exercised lest in 
some way one of these impurities may affect the substance which 
is serving as the basis of the work. 
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These difficulties which hamper progress are serious enough even 
in the first part of the preparation, during which the substance 
needed to serve as the starting part of the research is made ready: 
but they are multiplied tenfold or one hundredfold during the latter 
part of the work. This is because during the first part of the work 
the hampering influences are mitigated by the circumstance that 
much of the material may be sacrificed during purification, whereas 
after the beginning of the quantitative experiment, not only must the 
substance be kept in a pure state, but also it must be collected to 
the last trace and brought on to the balance pan. If any, even a 
tenth of a milligram, escapes collection, the loss must be estimated 
by careful experiments, so that its exact amount may be known. 
In this work, as at a trial in court, the witness must testify as to the 
whole truth, and nothing but the truth. Such an investigation to 
have merit must be conducted with ceaseless attention to these rules 
of procedure. I have tried always to be sure that the substance 
being weighed represented all the substance which I was seeking 
to weigh, and nothing more; and whenever possible I have not 
contented myself with a hypothetical presumption that such was the 
case, but have endeavored to prove by special experiments, first, that 
nothing was lost, and, secondly, that no foreign substance had been 
unintentionally included. Usually, if the experimenter gives this 
matter sufficient thought, and if he is sufficiently impressed with the 
importance of certainty on these points, a fairly satisfactory proof is 
obtainable. He does well to discover such a proof before publication, 
and not to leave the matter to the subsequent investigation of others. 


The theory of isotopes announced in 1913, and the apparent variations 
in atomic weights of samples of lead from radioactive minerals aroused 
Richard’s keenest interest. In 1914 Fajans sent one of his ablest students 
to Richards with a sample of uranium lead for final decision. This ma- 
terial, as well as other preparations from uranium or thorium minerals, 
yielded atomic weights ranging from 206.40 to 206.86. Later, samples of 
uranium lead examined in Richards’ laboratory were found to fall as low as 
206.07, or 206.02 if corrected for their probable content of thorium lead, 
in harmony with the isotopic theory. In this connection Richards proved 
that while the densities of the samples varied in proportion to their atomic 
weights, as did the solubilities of their salts on a percentage basis, the atomic 
volume and the molal solubilities are identical. 

The following summary of Richards’ atomic weights is taken from Sir 
Harold Hartley’s Memoria! Lecture. 


Atomic Weights Determined by Richards and His Pupils at Harvard 


Date of Previous Harvard Present 

Element Publication Value Value Value 
Hydrogen 1888 1.002 1.0082 1.0078 
Lithium 1910 7.03 6.94 6.940 

Carbon 1915 12.0 12.005 12.00 
Nitrogen 1907 14.04 14.008 14.008 


Sodium 1905 23.05 22.995 22.997 
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Ven Date of Previous Harvard Present 
Element Publication Value Value Value 
_ Magnesium 1896 24.2 24.32 24.32 
tee Aluminum 1921 27.1 26.96 26.97 
ork Sulfur 1907 32.06 32.07 32.06 
hat Chlorine 1905 35.45 35.458 35.457 
ee: Potssaiun 1907 39.14 39.095 39.10 
the Calcium 1910 40.00 40.07 40.08 
ye Sis 1900 56.00 55.85 55. 84 
na Nickel 1899 58.5 58.68 58.69 
ted Cobalt 1899 59.1 58.97 58.94 
ea Copper 1886-92 63.3 63.57 63.57 
the Zine 1895 65.0 65.37 65.38 
to Gallium 1923 69.9 69.716 69.72 
les Bromine 1907 79.95 79.917 79.916 
ice Rubidium 1903 85.5 85.42 85.44 
ng Strontium 1894 87.5 87.62 87.63 
Lot Silver 1910 107.93 107.88 107.880 
he Cesium 1903-28 132.9 132.81 132.81 
at Barium 1893 137.0 137.37 137.36 
en Lead (uranium) 1915-26 Ee 206 . 02 206 . 02 
1is Uranium 1902 240.2 238.4 238.14 
. Of his many pupils in research (about ninety in number) Baxter in \ 
n, America and Hénigschmidt in Germany have been the most active and 
S. successful in atomic weight work. These three together have covered no 
ions less than fifty-five elements. 
1sed Let all who are tempted to abstain from scientific work because their 
ents laboratories seem inadequate remember that the first twenty-four years 
ma- of Richards’ chemical work were spent in Boylston Hall, a building origi- 
als, nally constructed for miscellaneous purposes and peculiarly unsuitable for 
s of exact chemical/work. Crowds of students, dust, fumes, cramped quarters, 
v as and vibration had caused him incalculable worry and loss of time. But in 
ad, 1912, graduates and friends of the University provided and endowed a 
ved modern research laboratory for the exclusive use of Richards and his 
mic collaborators. Bearing the name of Wolcott Gibbs, pioneer in American 
mic chemistry, this building embodies in every detail the experience and the 
foresight of its first director. Fifteen years later he coéperated in designing 
Sir the new Mallinckrodt and Converse Laboratories at Harvard, and lived 
to see them far advanced toward completion. 
Few undertakings could be so profitable as a thorough study of Richards’ 
is papers, of which over 300 are to be found in the chemical literature. His 
2 physico-chemical studies are more extensive than his revisions of atomic 
“4 weights, and possibly of even greater ultimate significance. His writings 


) cannot convey an idea of his delightful personality, his kindliness, helpful- 
ness, enthusiasm, and good humor which never failed in trying circum- 
stances. But they do reveal his extraordinary experimental skill, in- 





7 
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genuity, critical judgment, and his unsurpassed standards of scientific 
integrity. The following is perhaps the most widely known and highly 
prized of all his sayings: ‘First and foremost I should emphasize the 
overwhelming importance of perfect sincerity and truth; one must purge 
oneself of the very human tendency to look only at the favorable aspects of 
his work, and be ever on the lookout for self deception (which may be 
quite unintentional). Next, one should never be content with a con- 
ventional experimental method or scientific point of view; one should be 
open-minded as to the possibility that the procedure or hypothesis may be 
incomplete. Each step should be questioned, and each possibility of 
improvement realized. And then, patience, patience! Only by unre. 
mitting, persistent labor can a lasting outcome be reached.”’ 


Uses for the rarer metals. One of the features of the modern developments of 
metallurgy is the extent to which small quantities of the less common metals, either in the 
pure state or as alloys, are finding employment in various branches of industry. Many 
of the so-called rarer metals exist in combination in abundance in the earth, but are ex- 
tracted with difficulty from their ores; when a sufficiently great demand for a particular 
metal arises, however, it is often found that methods can be developed to produce the 
metal at a reasonable price—an economic proposition which has proved to be true in 
the case of aluminum, in particular. In comnienting on this effect, The Chemical Age 
(London) cites several of the interesting new uses for the rarer metals. 

Metallic barium (99.95 per cent) has recently been produced as a commercial article, 
and is supplied to manufacturers of ignition equipment in the motor car industry, where 
it is used as a high-nickel alloy. In the radio industry, the metal is used to clean up the 
last traces of gasin vacuum tubes. It is expected that the consumption will increase toa 
substantial amount in the near future. The electrical and radio industries now employ 
pure molybdenum metal in the form of rod, sheet, and wire. Cerium, when alloyed 
with iron, zinc, or other base metals, produces pyrophoric alloys, which are used in 
pocket-lighters. Cerium metal and ferro-cerium are also powerful reducing agents, 
and offer excellent opportunities for industrial research. Both the metal and its alloy 
can now be produced at a relatively low cost, and abundant sources of raw material are 
available. Cesium and rubidium are used in the manufacture of photoelectric cells. 
Cesium is also useful for eliminating the last traces of air from vacuum tubes. Recently, 
metallic lithium has found employment as a deoxidizing agent in the refining of copper; 
it does not appreciably reduce the electrical conductivity of the copper. 

Metallic tantalum is now available. Because of its resistance to corrosive action it 
has already found extensive use as a cheaper substitute for platinum and platinum-gold 
alloys in spinnerets for rayon manufacture. Tantalum carbide is proving to be an ex- 
cellent cutting-tool material. It is claimed that it will do work which even tungsten 
carbide cannot do. Columbium is a beautiful metal, resembling platinum. It takesa 
handsome finish, and may be colored by electrolytic methods in numerous iridescent 
hues. Further, columbium is inert to most chemizal reagents. A promising future is 
predicted for this interesting metal in the manufacture of jewelry. —Ind. Bull., Arthur D. 
Little, Inc. 
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THE DISCOVERY OF THE ELEMENTS. V. CHROMIUM, 
MOLYBDENUM, TUNGSTEN, AND URANIUM* 


Mary ELvirA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


The publications and correspondence of Bergman and Scheele contain 
interesting allusions to the d’Elhujar brothers, to Hjelm, and to the early 
history of the metals tungsten and molybdenum which they discovered. The 
presence of a new metal in pitchblende was recognized by Klaproth in 1789, 
but it remained for Péligot half a century later toisolate uranium. Chromium, 
now the most familiar element of the group, was the last to be discovered when 
the immortal French chemist Vauquelin finally isolated it in 1798 from a 
Siberian mineral. 


“Les laboratoires sont les temples de l'avenir, de la richesse et 
du bien-étre; c’est la que l’humanité grandit, se fortifie et devient 
meilleure.”’ (1) 


During the last two decades of the eighteenth century, investigations 
were made which foreshadowed the discovery of such widely differing 
elements as chromium, 
molybdenum, tungsten, 
uranium, tellurium, 
chlorine, titanium, and 
beryllium; but some of 
these were not actually 
isolated until much 
later. For the sake of 
simplicity, only the 
closely related elements, 
tungsten, molybdenum, 
uranium, and chromium 
will be considered in 
this chapter. 























Tungsten 





CHEMICAL LABORATORY AT FREIBERG, 1800 


There is found in 
Swede . ; Many of the most eminent mineralogical chemists in 
: n a white mineral Europe were educated at the Freiberg School of Mines. 
which used to be called The d’Ethujar brothers, who foment tungsten, and A. 
tungste _ M. del Rio, who discovered vanadium (‘‘erythronium’’), 
gsten, or heavy SHINE received part of their training there, and F. Reich and 
Some of the early miner- HH. T. Richter, the discoverers of indium, and Clemens 
alogi : Winkler, the discoverer of germanium, were members of 
gists thought it was det tokthing alt 
atin ore, others thought 
it contained iron, but in 1781 Scheele proved that it is composed of lime 


and a peculiar solid which he called tungstic acid (20). Bergman believed 


* Illustrations by F. B. Dains, The University of Kansas, Lawrence, Kansas. 
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From Nordenskiéld’s ‘‘Carl Wilhelm Scheele. 
Nachgelassene Briefe und Aufzeichnungen” 


BO6RJESON’S STATUE OF CARL WILHELM 
SCHEELE 
Scheele discovered tungstic and molybdic 
acids, and was the first to distinguish between 
graphite and molybdenite. 


that field” (3). 
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that the base of this acid must 
be a metal. In the meantime 
two Spanish chemists, the d’R]. 
hujar* brothers, found the same 
substance in wolfram, a dark 
brown mineral then supposed to 
be an ore of tin and iron (2), 
(21), (25). 

Don Fausto d’Elhujar was 
born in 1755 at Logrofio, Spain. 
With his brother, Don Juan 
José, he went to Freiberg to 
study chemistry and mineralogy 
at the School of Mines, and 
later to Upsala to work for half 
a year in Bergman’s famous 
laboratory (21). The Swedish 
professor mentioned one of them 
in his diary. ‘‘Mr. de Luyarte, 
from Spain,” said he, “came 
with Mr. de Virly to Upsala on 
the same errand [to study], 
where they not only privately 
went through an entire course 
in higher chemistry, but also, 
with others, went to private 
lectures in assaying, each pass- 
ing excellent tests. They re- 
mained until the end of the 
term” (27). 

In a letter to Bergman dated 
July 5, 1782, Scheele mentioned 
a visit which the d’Elhujar 
brothers had recently paid him: 
“ .. The foreign gentlemen,” 


he said, ‘‘stayed with me two days; I found real pleasure in talking with 
them about chemical matters; moreover they were not inexperienced in 


In 1783 the brothers collaborated in a research on tungsten and wolfram, 
and found that both these ores contained the tungstic acid that Scheele 
had reported. The possibility of obtaining a new metal by reducing this 
acid had already been suggested by Bergman and Scheele. The apparatus 
* The name was also spelled Luyarte, de Luyart, and d’Elhuyart. 
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Courtesy Fansteel Products Co., Inc. 
TUNGSTEN ConTACT POINTS 


used by the d’Elhujar brothers was very simple. An intimate mixture of 
tungstic acid and powdered charcoal was heated strongly in a luted crucible 
(22). After cooling the crucible, they removed from it a dark brown, 
metallic button, which crumbled easily in their fingers, and when they 
examined the powder with a lens, they saw metallic globules of tungsten, 
some of which were as large as the head of a pin (2), (26). On April 2, 1784, 
Scheele wrote to Bergman, “I am glad that Mr. Luyarte has obtained a 
tungsten regulus. I hope he has sent you specimens of it” (4). 

The d’Elhujar brothers afterward went to Mexico where in 1790 Don 
Fausto became General Director of Mines. Don Juan José died in that 
country, but at the outbreak of the Revolution Don Fausto returned to 
Spain. His reason for leaving Mexico may be inferred from the note found 
at the end of one of André del Rio’s papers: 


The preceding analysis only too plainly shows the wretched state 
of our laboratory in Mexico, after having been for thirty years under 
the direction of so distinguished a chemist as M. Elhujar, the dis- 
coverer of wolfram and cerium. It is true that under the old govern- 
ment, this savant found himself obliged to become a man of business, 
undoubtedly much against his inclination; for it is impossible that 
he who has once imbibed a taste for science can ever abandon it (5). 


After returning to Spain, Don Fausto became the Secretary of State and 
General Director of Mines, and later accepted a professorship at the School 
of Mines at Vengara, Biscaya, near the Bay of Biscay. After a long, 
eventful and useful life, he died in Madrid on February 6, 1833 (6). The 
tungsten lamp filaments, tungsten contact points, and high-speed steel so 
indispensable to modern life have all resulted from the great discovery made 


so long ago by these Spanish brothers. 
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Courtesy Fansteel Products Co., Inc, 
VacuuM TuUS8E SHOWING THE USE OF TANTALUM AND MOLYBDENUM 
| 


Molybdenum 


Native molybdenous sulfide is a soft, black mineral that looks much like 
graphite. In fact, until the latter part of the eighteenth century, both 
were sold under the same name: Molybdan, or molybdenum. In 1778 
Scheele showed that graphite and the molybdenum mineral are two entirely 
different substances. Although nitric acid has no effect on graphite, it 
reacts with the mineral ‘‘molybdenum,” or molybdenite, to give sulfuric 
acid and a peculiar white solid, which he named molybdic acid (2), (23). 
Bergman suggested to Scheele that molybdic acid must be the oxide of a 
new metal, and, since the latter chemist did not have a furnace suitable for 
the purpose, he asked his friend Hjelm to attempt the reduction of the 
ore (7). 

Peter Jacob Hjelm was of about the same age as Scheele, for he was born 
on October 2, 1746, at Sunnerbo Harad. He probably met the latter in 
Upsala, for their correspondence began shortly before Scheele went to 
K6ping (7). At Scheele’s suggestion he tried to reduce molybdic acid with 
carbon, and in order to get very intimate contact between the two reagents, 
he stirred the pulverized acid with linseed’ oil to form a paste. When he 
heated the mixture strongly in a closed crucible, the oil became carbonized, 
and the carbon reduced the molybdic acid to the metal, which hecame 
known as molybdenum (2), (24). 

On November 16, 1781, Scheele wrote to Hjelm, 
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From Guinchard’s ‘‘Sweden,” Vol, 1 


RoyaL NATIONAL LIBRARY, STOCKHOLM, WHERE #1JELM’S Diary IS PRESERVED 


... I gladly excuse your delay in writing, for I know you are 
now very busy. I rejoice that we now have another new half-metal, 
molybdaenum. I think I can already see the French seeking to deny 
the existence of this new half-metal, since they are not the discoverers 
of it... The acidum enclosed in paper is the same acid that I fusedina 
crucible. If you prepare a regulus from it, I beg you, because of its 
rarity, to send me some of it, even if it is only a grain. I have no 
molybdaenum (8). 


In another of his letters to Hjelm he said, ‘“‘As far as I can judge of your 
work, it does you all credit” (9). 

In 1782 Hjelm was made Assay Master of the Royal Mint at Stockholm, 
and twelve years later he became Director of the Chemistry Laboratory at 
the School of Mines. He died in that city on October 7, 1813 (7). 

Professor Hjelm was one of Scheele’s best friends, and their correspond- 
ence is still treasured by the Stockholm Academy of Sciences. In his later 
days Hjelm kept a complete diary, which is now in possession of the Royal 
Library at Stockholm (7). When Scheele wrote to Hjelm, “‘Es ist ja nur die 
Wahrheit welche wir wissen wollen, und welch ein herrliches Gefuhl ist es nicht, 
ste erforscht zu haben’’ (10), he knew that he was expressing the latter’s 
feelings as well as his own. 

In 1789 Pelletier proved that the ore mineralogists used to call ‘‘molyb- 
denum”’ is a sulfide of that metal (28). The molybdic acid obtained by 
Scheele does not exist as such in the mineral, but was produced when he 
oxidized the molybdenum sulfide with nitric acid. 
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Molybdenum is a much softer, more ductile metal than tungsten, and jg 
indispensable for the filaments, grids, and screens required in radio broad. 
casting. Hence this great modern industry rests upon the researches that 
gave so much intellectual pleasure to Hjelm and Scheele. 


Uranium 


The early history of uranium is closely associated with the name of 
Martin Heinrich Klaproth, a German chemist, who was born in Werti- 
gerode in the Hartz on December 1, 1743. When he was eight years old, 
the family became impoverished by 
a serious fire. Since there was little 
money left for the education of the 
three Klaproth boys, little Martin 
Heinrich earned his tuition by singing 
in the church choir. After receiving 
a little instruction in Latin at Werni- 
gerode, he was apprenticed at the age 
of sixteen years to an apothecary. 
After five years of apprenticeship, 
he worked for four years in public 
laboratories at Quedlinburg and at 
Hanover, and at Easter time in 
1768 he became an assistant in Wend- 
land’s laboratory in Berlin ‘‘at the 
sign of the Golden Angel in the street 
of the Moors” (11). 

MartTIN HEINRICH KLAPROTH In 1770 he became an assistant to 
1743-1817 the famous chemist, Valentin Rose, 
iGtiman amis and, pharmacist; who, however, died only a few 
and analytical chemist in Germany. monthslater. Although Klaproth was 
His careful analyses led to the dis- Only twenty-seven years old when 
covery of uranium and zirconium and ; 
verified the discovery of tellurium and this emergency arose, he met all the 
titanium. He also made pioneer re- responsibilities of his new position. 
searches on ceria. i ‘ 
He not only carried on Rose’s duties 
for nine years, but acted as a father to his two fatherless sons, providing 
carefully for their education. The younger boy unfortunately died in child- 
hood, but the older one, Valentin Rose the Younger, shared Klaproth’s 
love for nature, and collaborated with him in many researches. It was 
Rose’s task to repeat and verify all Klaproth’s experiments before the 
results were published (11). Klaproth afterward purchased the Flem- 
ming laboratory on Spandau Street. His marriage to Sophie Christiana 
Lekman led to a happy family life. They had four children, and the only 
son, Heinrich Julius, became a famous Orientalist. (See p. 221, Feb. issue.) 
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Martin Heinrich 
Klaproth made many 
brilliant contributions 
to analytical and min- 
eralogical chemistry 
(33), and his papers 
are assembled in his 
“Beitrage zur chem- 
ischen Kenntniss der 
Mineralkérper,” a six- 
volume work. Al- 
though he never dis- 
covered an element in 
the sense of isolating it 
for the first time, his 
analytical work fore- 
shadowed the dis- 
covery of uranium and 
zirconium and verified 
the discovery of tellu- 
rium and titanium. 

In 1789 he investi- 
gated the mineral 
ppeneiende, wake wae From Ferchl’s ‘‘Von Libau bis Liebig”’ 
theo thought to be THE ROSE PHARMACY IN BERLIN* 


an ore of zinc and = Valentin Rose the Elder (1735-1771), his son Valentin 
iron. When he dis- Rose the Younger (1762-1807), and his grandson Heinrich 
Rose (1795-1864) all rendered distinguished service to 


solved it in nitric chemistry and pharmacy. 
acid, however, and 
neutralized the acid with potash, he obtained a yellow precipitate which 


dissolved in excess potash. Klaproth concluded correctly that the mineral 
must contain a new element, which he named in honor of the new 
planet, Uranus, which Herschel had recently discovered (12). He then 
attempted to obtain metallic uranium just as Hjelm had prepared metallic 
molybdenum. By strongly. heating an oil paste of the yellow oxide in a 
charcoal crucible, he obtained a black powder with a metallic luster, and 








. thought he had succeeded in isolating metallic uranium (29). For over 


fifty years the elementary nature of his product was accepted by chemists, 
but in 1841 Péligot showed that this supposed uranium metal was really an 


oxide. 
When the University of Berlin was founded, Klaproth was sixty-seven 


* Reproduced by courtesy of Mr. Arthur Nemayer, Buchdruckerei und Verlag, 
Mittenwald, Bavaria. 
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years old, yet he was appointed as the first professor of chemistry, and 


served in that capacity until his death on January 1, 1817 (12). 


Thomas 


Thomson mentioned as his most characteristic personal traits: pure love of 
science, intellectual integrity, unselfishness, modesty, friendliness, kindness, 
a sense of humor, religious feeling, freedom from superstition, and also 





From Ferchl's “Von Libau bis Liebig"’ 


VALENTIN ROSE THE YOUNGER 
1762-1807 * 


German chemist and apothecary 
who was educated by Klaproth, col- 
laborated with him in his researches 
and verified all his analyses before pub- 
lication. Rose demonstrated the pres- 
ence of chromium in a species of ser- 
pentine. He was the father of Hein- 
rich Rose, the chemist, and Gustav 
Rose, the mineralogist. His father, 
Valentin Rose the Elder, was the dis- 
coverer of the low-melting alloy, Rose’s 
metal. 


the two qualities that explain his 
success as an analytical chemist: 
namely, neatness and precision (14), 

In 1823 Arfvedson reduced the 
green oxide of uranium (then believed 
to be the lowest oxide) with hydrogen 
and obtained a brown powder which 
he took to be metallic uranium, but 
which is now known to be uranous 
oxide, UO, (15), (30). In 1841 Péli- 
got, on analyzing anhydrous uranous 
chloride, UCh, found that 100 parts 
of this chloride apparently yielded 
about 110 parts of its elements ura- 
nium and chlorine. His explanation 
of this impossible result was that the 
uranous chloride reacts with water in 
the following manner: 

UCI + 2H:;0 = UO, + 4HCl 
Since uranous oxide cannot be re- 
duced with hydrogen or carbon, it 
had always been mistaken for metal- 
lic uranium. 

Péligot then heated the anhydrous 
chloride with potassium in a closed 
platinum crucible. This was heroic 
treatment for the platinum, to be sure, 
for the reaction was violent enough 
to make crucible and contents white- 


hot. However, since he took care to place the small crucible inside a 
larger one and toremove his alcohol lamp as soon as the reaction had started, 
Péligot avoided being injured by the pieces of potassium thrown out of the 


crucible. 


When the violent reaction subsided, he heated the crucible 


strongly to remove the excess potassium and to make the reduced uranium 


coherent. 


After cooling it, he dissolved out the potassium chloride, and 


obtained a black metallic powder with properties quite different from those 
* Reproduced by courtesy of Mr. Arthur Nemayer, Buchdruckerei und Verlag, 


Mittenwald, Bavaria. 





for 





H, 1939 


’, and 
10mas 
Ove of 
Iness, 
| also 
n his 
mist: 
(14), 
- the 
ieved 
gen 
rhich 
but 
nous 
Pélj- 
nous 
arts 
ded 
ura- 
tion 
the 
r in 














Vou. 9, No. 3 THE DISCOVERY OF THE ELEMENTS. V 





formerly attributed to metal- 
fic uranium (15), (31). He 
was evidently the first person 
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lujis, are fo eminently efiablifhed with anen of 


to isolate this metal. Science throughout Europe, that it zould Jeem im- 
Eugéne Melchior Péligot proper to enlarge on the moft confummate frill and 
was born on March 24, 1811 x accuracy with which he performell his experine nls, 
; as well as on his laudable candour in fati ng’ their 

at Paris. He studied for a refults. aaa , 


time at the Lycée Henri IV She ik 
Cc School of On this confidération, 7 is hoped that fle tranf- 

and at the Central School o ldtion of his Analytico-chemical Effays, Xe. which 

Arts and Manufactures, but is here offercd to” the patrohiage of the ‘Pugli~a™ * 


was obliged to leave school Chemijts, will meet Sith their kind approbation— 
It may be netcffary to add, Wat dll thé Effays of ** 


for financial reasons. In tite Author relating to'this fubjéct, and which,” ia 
1832, however, good fortune the German original, were publifhed ih to volumes, -* 
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collaborating with Dumas = C7 If fome seerailist iw ae vine other miflat ‘a 
important researches in or- which unfo riunately bave efcaped the me? careful attention, 
; H foould create fome difficulty in obi fil the rlader is requepet 
ganic chemistry. af to refer ta the errata in Rts laf) pages ‘ 
For thirty-five consecutive 
years Péligot occupied the “ a2 
chairs of analytical chemistry 
and glass-making at the Cen- TRANSLATOR’S PREFACE TO THE ENGLISH EptI- 
tral School of Artsand Manu- tron oF Kiaprotn’s “ANALYTICAL Essays TO- 
factures, and during this time WARD PROMOTING THE CHEMICAL KNOWLEDGE 
. 3 OF MINERAL SUBSTANCES” 
he wrote an important treat- 
ise on each of these subjects. He also lectured to large, sympathetic 
audiences at the Conservatoire des Arts et Métiers, and taught a course 
in agricultural chemical analysis at the National Agronomic Institute. 
He was employed at the Mint for forty years, first as assayer, then as 
verifier, and finally as Director of Assays. His residence was at the Mint 
also, and it was there that he died in 1890. _ According to Tissandier, ‘‘his 
life, always calm and methodical, was entirely consecrated to the science 
that he loved with passion and to his family that he cherished no less’’ (34). 
He must have been a man of broad interests, for he published papers on such 
varied topics as: water analysis, the chemical composition of the sugar beet 
and sugar cane, chemical and physiological studies of silk-worms, the com- 
position of Bohemian glass, and researches on uranium and chromium (6). 


Chromium 


Louis Nicolas Vauquelin, the discoverer of the metal chromium, was 
born on May 16, 1763, in a little Normandy village called St. André 
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d’Hébertot.* As a child he 
worked in the fields with 
his father, who struggled hard 
to feed and clothe his large 
family. The boy made sur- 
prisingly rapid progress in 
the village school and in the 
religious studies taught him 
by the curé, who was very 
fond of him (16). At the 
age of fourteen years, young 
Vauquelin became a labora- 
tory assistant and dishwasher 





naturforfchenden Gefelifchaft zu Berlin und Halle; imgleichen in an apothecary shop in 
der Societat der Bergbaukunde; und privilegirter’ 


sibs Rouen, and somewhat later 
he went to Paris with a letter 
of introduction from his old 
curé at St. André d’Hébertot 
to the prior of the order of 
Prémontré. His two best 
friends during his early 
struggles in Paris were this 
venerable prior and Mme. 
Aguesseau, the owner of the 
- estate on which the elder 
Vauquelin worked as a peas- 
ant (16). 

During his first three years 
in the city, the boy worked in various apothecary shops, and in his leisure 
moments studied Latin and botany. One of these pharmacies was owned 
by M. Cheradame, a cousin of the famous chemist, Antoine Francois de 
Fourcroy. When M. Cheradame told Fourcroy about young Vauquelin’s 
fondness for chemistry, Fourcroy immediately engaged the boy as his 
assistant and took him home. Fourcroy’s unmarried sisters treated the 
young assistant with all gentleness and kindness, and on one occasion 
he owed his recovery from a serious illness to their motherly care, an act 
of kindness which he never forgot. 

Vauquelin continued his study of physics, chemistry, and philosophy, and 
assisted Fourcroy in teaching a course at the Athenaeum. He was diffident 
about speaking in public, but as soon as he became acquainted with his new 
students, he always taught with pleasure and enthusiasm and soon en- 
deared himself to them. 

* Also spelled Saint André des Berteaux. 
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One of the stirring events of the French Revolution was Vauquelin’s 
rescue from the mob of an unfortunate Swiss soldier, who had escaped from 


the Tuileries massacre. Because of 
his participation in the Revolution, 
Vauquelin had to leave Paris in 1793; 
however, after serving as pharmacist in 
a military hospital for a few months, 
he returned to Paris to teach chemistry 
at the Central School of Public Works, 
which afterward became the Ecole 
Polytechnique. He later became an 
inspector of mines and professor of 
assaying at the School of Mines, where 
he also lived. Out of gratitude to 
Fourcroy’s sisters, who continued to 
keep house for him even after the 
death of their brother, Vauquelin 
placed most of the apartment at their 











EuGENE P£LIGOT 
1811-1890 


Professor of analytical chemistry 
and glass-making at the Central 
School of Arts and Manufactures in 
Paris. Director of assays at the 
Paris Mint. Professor of agricultural 
chemical analysis at the National 
Agronomic Institute. The first to 
isolate the metal uranium. 


disposal, and both the sisters lived 
with him until they died (16), (35). 














Louis NicoLas VAUQUELIN 
1763-1829 


French analytical and mineralogi- 
cal chemist and apothecary of the 
agg egg Period. Professor at 
the Ecole Polytechnique and at the 
School of Mines. Assayer at the Paris 
Mint. In 1797 he discovered chro- 
mium and beryllium. 





Some specimens of a beautiful red 
mineral called Siberian red lead were 
brought to Paris from the Beresof mine 
near Ekaterinburg. When Vauquelin 
and Macquart analyzed it, they found 
it to consist of lead peroxide, iron, 
andaluminum. Bindheim of Moscow 
reported, however, that it contained 
molybdic acid, nickel, cobalt, iron, 
and copper. To settle this question, 
Vauquelin in 1797 repeated the anal- 
ysis (32). When he boiled the pul- 
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One of the stirring events of the French Revolution was Vauquelin’s 
rescue from the mob of an unfortunate Swiss soldier, who had escaped from 


the Tuileries massacre. Because of 
his participation in the Revolution, 
Vauquelin had to leave Paris in 1793; 
however, after serving as pharmacist in 
a military hospital for a few months, 
he returned to Paris to teach chemistry 
at the Central School of Public Works, 
which afterward became the Ecole 
Polytechnique. He later became an 
inspector of mines and professor of 
assaying at the School of Mines, where 
he also lived. Out of gratitude to 
Fourcroy’s sisters, who continued to 
keep house for him even after the 
death of their brother, Vauquelin 
placed most of the apartment at their 
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Cet ouvrage est mis sous la sanve-garde de ta bo. verized mineral with two 


Tous les exemplaires sont signes par l’Anteur et Minami . parts of potassium Car- 





Fourcroy AUTOGRAPH FROM His “‘Systéme des Con- 


naissances Chimiques”’ 


bonate, he obtained lead 
carbonate and a yellow 
solution containing the 
potassium salt of an up. 
known acid. This soly. 
tion gave a beautiful red 
precipitate when added 
to the solution of a mer. 


curic salt, and a yellow precipitate when added to a lead solution. He noticed 
also that when he isolated the new acid and added stannous chloride, the 
solution became green (reduction of chromic acid to a chromic salt) (17), 


In the following year Vauquelin 
succeeded in isolating the new metal. 
After removing the lead in the Si- 
berian red lead by precipitation with 
hydrochloric acid, he evaporated the 
filtrate to obtain the chromium tri- 
oxide, which he put into a charcoal 
crucible placed inside a large earthen 
one filled with charcoal dust. After 
heating it intensely for half an hour, 
he allowed it to cool. The inner cru- 
cible was found to be filled with a net- 
work of gray, interlacing, metallic 
needles which weighed one-third as 
much as the original chromium tri- 
oxide that had been reduced. Because 
of its many colored compounds Four- 
croy and Haiiy suggested the name 
chromium for the new metal (17), (36). 

Vauquelin taught for a time at the 
Collége de France and at the Jardin 
des Plantes, and in 1811, upon the 
death of his old friend and teacher, M. 
Fourcroy, he became his successor as 
professor of chemistry in the School 





ANTOINE FRANCOIS DE FouRCROY 
1755-1809 


French chemist of the Revolutionary 
Period. Defender of Lavoisier’s views 
on combustion. In collaboration with 
Lavoisier, de Morveau, and Berthollet he 
carried out a reform of chemical no- 
menclature. Fourcroy prepared and 
analyzed many reagents and medicinals 


of Medicine. In 1828 the Department of Calvados, in which his native 
village of St. André d’Hébertot is situated, appointed him as one of its 
deputies. He discharged the duties of this office with honor, striving 
always for the best interests of his beloved Republic. Although his early 


days were spent in poverty and toil, he became a man of broad culture, took 
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pleasure in music and literature, and frequently quoted his favorite authors, 
Horace and Virgil (16). 

M. Chevallier, one of his students, recalled an incident that well 
illustrates Professor Vauquelin’s kindness. In 1808 Bonaparte ordered the 
arrest and deportation of all Spaniards living in Paris. One of the sixty 
who were seized and taken to the prefecture of police was a young man who 
had recently come to study under Professor Vauquelin and who had no 
other protector in Paris. Wauquelin started out before six o'clock next 
morning, dressed in the uniform worn on formal occasions by members of 
the Institute, went to the police station, and succeeded in having the boy 
released. This young Spaniard, who 
was named Orfila, afterward made a 
name for himself in chemistry (16), 
(35). 

Sir Humphry Davy once gave the 
following amusing description of Vau- 
quelin’s home life: 


Vauquelin was in the decline of 
life when I first saw him in 1813 
—a man who gave me the idea 
of the French chemists of an- 
other age; belonging rather to 
the pharmaceutical laboratory 
than to the philosophical one; 
yet he lived in the Jardin du Roi. 
Nothing could be more singular 
than his manners, his life, and 
his ménage. Two old maiden 
ladies, the Mademoiselles de 





MATHIEU JOSEPH BONAVENTURE ORFILA 





Fourcroy, sisters of the profes- 
sor of that name, kept his house. 
I remember the first time that I 
entered it, I was ushered into a 
sort of bed-chamber, which like- 
wise served as a drawing-room. 


1787-1853 


Spanish chemist who studied un- 
der Vauquelin in Paris. The founder 
of modern toxicology. Professor of 
toxicology, medical chemistry, and 
forensic chemistry in Paris. 





ing 
rly 








One of the ladies was in bed, 

but emploved in preparations for the kitchen; and was actually 
paring truffles. Vauquelin wished some immediately to be dressed 
for my breakfast, and I had some difficulty to prevent it.... (18). 


This was, to be sure, an unusual way of receiving a fashionable English 
gentleman, but perhaps if Sir Humphry had known the pleasing story of 
Vauquelin’s gratitude to the two old ladies who had befriended him in 
youth, he would not have been so critical. 

Vauquelin in France and Klaproth in Germany were the outstanding 
analytical chemists of their day, and were, in fact, two of the greatest 
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analysts of all time. According to Thomson, Vauquelin was ‘‘by far the 
most industrious of all French chemists’ (19). He died in his native 
district at the Chateau des Berteaux on November 15, 1829. 

Chromium has taken its place among the world’s useful metals, and 
stainless steel, chromium-plated hardware, and automobile trimmings, and 
artistic chromium jewelry now bear witness to the importance of Vauquelin’s 
discovery. 
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THE DISCOVERY OF THE ELEMENTS. VI. TELLURIUM 
AND SELENIUM* 


Mary ELvirA WEEKS, THE UNIVERSITY OF Kansas, LAWRENCE, KANsas oN 
It has been shown in the three preceding articles** that a number of elements small 
including zinc, cobalt, nickel, manganese, hydrogen, nitrogen, oxygen, tungsten, ter 00 
molybdenum, and chromium were recognized and isolated during the eighteenth than 
century. The story of tellurium, its discovery by Baron Miiller von Reichen. was 0 
stein and its confirmation by Klaproth remains to be told. Although selenium (11). 
properly belongs in the early part of the nineteenth century, it is so closely Mé 
related to tellurium both chemically and historically that it seems best to intro. dise¢ 


duce tt at this point. The scientific contributions and correspondence of hare 
Klaproth and Berzelius furnish detailed information about these two great ior 9 
discoveries, and the “Early Recollections of a Chemist’ by Friedrich Wehler on Ja 


present an unforgettable picture of the great Swedish master. ey 
on 

Tran 

“The chymists are a strange class of mortals impelled by an the . 


almost insane impulse to seek their pleasure among smoke and vapour, 





soot and flame, poisons and poverty; yet among all these evils I es 
seem to live so sweetly, that may I die if I would change places with — 
the Persian King.” (1) his 
gotte 
The discoverer of tellurium, Franz Joseph Miiller, was born on June], sugg 
1740, in Vienna, where his father served as the Transylvanian treasurer, or nami 
Thesauriatsrath. After studying law and philosophy in his native city, ing 
Franz Joseph went to the School of Mines at Schemnitz, where he became it ha 
intensely interested in mining, mineralogy, chemistry, and mechanics. At knov 
the age of twenty-eight years he became a surveyor in Hungary, and two to w 
years later he served so efficiently on a committee which managed the mar 
mines and smelters in the Banat that he was appointed surveyor and scier 
director of the mines. In 1775 he went to the Tyrol as mine captain and the « 
acting superintendent, and under Joseph II he became chief inspector of rium 
all the mines, smelters, and salt-works in Transylvania (2). was 
In 1782 Miiller extracted from a bluish-white ore of gold (called aurum und 
problematicum, aurum paradoxum, or aurum album), a metal which he at stat 
first thought to be antimony. In fact his paper announcing the discovery Reic 
was entitled, ‘“‘An Experiment with the Regulus Thought to Be Metallic K 


Antimony Occurring in the Mariahilf Mine on Mt. Fazebay near Salatna.”t Afte 
Upon further examination of the regulus, he decided that, although the and 
metal bore some resemblance to antimony, it must be a new element, alka 
different from all others. Seeking confirination of his discovery, he sent a solv 


* Illustrations by F. B. Dains, The University of Kansas, Lawrence, Kansas. 
** See J. CHEM. Epuc., 9, 22-30 (Jan., 1932); 215-35 (Feb., 1932); see also pp. filtr 
459-73 of this issue. 
Tt “Versuch mit dem in der Grube Mariahilf in dem Gebirge Fazebay bei Salatna 
vorkommenden vermeinten gediegenen Spiessglaskénig.” 
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tiny specimen to Berg- 
man; but with such a 
small sample, the lat- 
ter could do no more 
than prove that it 
was not antimony (3), 
(11). 

Miiller’s important 
discovery seems to 
have been overlooked 
for sixteen years, but 
on January 25, 1798, 
Klaproth read a paper 
on the gold ores of 
Transylvania before 
the Academy of Sci- 
encesin Berlin. In his 
address he reminded 
his hearers of the for- 
gotten element, and 
suggested for it the 
name tellurium, mean- 
ing earth, by which [s2 
ithas ever since been 
known (3). Itis hard = Mb ueteitt? 

















to understand why so From ‘‘Jac, Berzelius, Selbsibiographische Aufzeichnungen,” 


: ‘ Kahlbaum Monographs, Heft 7 
many historians of 
YOUTHFUL PORTRAIT OF BERZELIUS 


science credit him with Teta : 

es it f tell Left an orphan early in life, he was educated by his 
€ discovery Of tellu- srandfather. Berzelius studied at the Linképing Gym- 

rium. Klaproth, who _nasium and later at the University of Upsala, where he 

wa desi f received the degree of Doctor of Medicine. He was a 
S never desirous Of student of Ekeberg, the discoverer of tantalum. 


undeserved honors, 
stated definitely that the element had been discovered by Miiller von 
Reichenstein in 1782 (11). 

Klaproth isolated tellurium from the gold ore by the following method. 
After digesting the pulverized ore with aqua regia, he filtered off the residue 
and diluted the filtrate slightly with water. When he made the solution 
alkaline with caustic potash, a white precipitate appeared, but this dis- 
solved in excess alkali, leaving only a brown, flocculent deposit containing 
gold and hydrous ferric oxide. Klaproth removed this precipitate by 
filtration and added hydrochloric acid to the filtrate until it was exactly 
neutral. A copious precipitate appeared. After washing and drying it, 
he stirred it up with oil and introduced the oil paste into a glass retort, 




















PRIVATE LABORATORY AND DWELLING House oF BERZELIUS (1809-19) 


which he gradually heated to redness. When he cooled the apparatus, he 
found metallic globules of tellurium in the receiver and retort (3), (11). 
The discovery of tellurium was by no means the only service that Miiller 
von Reichenstein performed for the glory of his country. Kaiser Joseph 
appointed him acting governor (Gubernialrath) and raised him to the 
hereditary nobility with the title of Freiherr (Baron) von Reichenstein. 
For sixteen years he was a courtier in Vienna, but in 1818 he asked permis- 
sion to retire. Although he was exempted from making reports, he was still 
asked to attend all the council meetings, in order that the state might 
continue to receive his valued advice on mining and metallurgy. The cross 
of the Order of St. Stephan was awarded to him for distinguished services 
to his country and he was also elected to membership in the Mining 
Society, the Gesellschaft naturforschender Freunde (Society of Scientific 
Friends) at Berlin and in the Mineralogical Society at Jena (2). After 
serving his country for sixty-two years and publishing many contributions 
to chemistry and mineralogy, Miiller von Reichenstein died in Vienna, the 
city of his birth, at the venerable age of eighty-five years (4). 
According to Paul Diergart, Paul Kitaibel, professor of botany and 
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chemistry at the University of Pest, discovered tellurium independently 
in 1789 and wrote a treatise on it (5). 


Selenium 


The discoverer of selenium was no other than the illustrious Swedish 
chemist, Jons Jakob Berzelius, who was born in W4fversunda, a village in 
East Gothland, on August 20, 1779. His childhood was saddened by the 
early death of his parents, but his grandfather provided carefully for his 


education. 


After attending the school at Linképing, Berzelius studied 


» medicine at Upsala, and at the age of twenty-two years he received his 
medical degree. Afzelius, a nephew of Bergman, was then the professor of 
chemistry, and Ekeberg, who discovered tantalum at about the time of 


Berzelius’ graduation, was 
an assistant. 

In the following year 
Berzelius was appointed 
assistant professor of medi- 
cine, botany, and pharmacy 
at the University of Stock- 
holm, a position in which he 
served with honor and dis- 
tinction for the rest of his 
life. During part of the 
time he also lectured at the 
Military College and at the 
Medico-Surgical Institute 
at Stockholm.  Berzelius, 
unlike other chemistry pro- 
fessors of his time, enlivened 
his lectures with many strik- 
ing demonstrations. His 


— 


About 17 Meters 


_— 





First-FLOOR PLAN OF BERZELIUS’ LABORATORY 
AND DWELLING HousE 


1—Kitchen—Laboratory 
2—Laboratory 
3—Bedroom 

4—Parlor 

5—Barn 


fame as a teacher soon spread throughout Europe, with the result that bril- 
liant ambitious students of chemistry made Stockholm their Mecca. 
Mitscherlich, Wohler, C. G. Gmelin, Mosander, Svanberg, Sefstrém, and 
the Rose brothers, Heinrich and Gustav, all received their inspiration from 


the great Swedish master. 


A vivid picture of Berzelius and an understanding of his sympathetic 
attitude toward his students may be obtained by reading the ‘Early 
Recollections of a Chemist” by Friedrich Wohler: 


With a throbbing heart (says Wohler) I stood before Berzelius’s 


door and rang the bell. 


A well-dressed, dignified gentleman with 


florid and healthy complexion let me in. It was Berzelius himself. 
He welcomed me very cordially, informed me that he had been ex- 
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pecting me for some time, and wished me to tell him of my journey— 
all this in the German language, with which he was as familiar as 
with French and English. This first day he took me to the Caroline 
Institute, where he gave his lectures to medical students, but which 
were also attended by officers of the army and several of his friends, 
and which I regularly visited afterwards to accustom my ear to the 





language. This afforded me opportunity to admire his calm and 
clear delivery and his skill in performing experiments. In this 
institute was also the laboratory for medical students, which was 


presided over by Mosander (6). 





A pencil skeich by Magnus’ brother 
Eduard. From Hofmann’s ‘‘Zur Erin- 
nerung an vorangegangene Freunde’’ 


Gustav Macnus, 1802-1870 


German chemist and physicist. One of 
Berzelius’ distinguished students. He was 
one of the first chemists to investigate tellu- 
rium. Hecontributed to mineralogical chemi- 
cal analysis, physiological and agricultural 
chemistry and chemical technology, and de- 
vised a simple process for recovering selenium 
from the slime in the lead chambers of sulfuric 
acid plants. He also carried out important 
researches in mechanics, hydrodynamics, heat, 
optics, electricity, and magnetism. 


Berzelius determined the 
atomic weights of nearly all the 
elements then known, and was 
the first chemist to determine 
them accurately. He referred 
his atomic weights to oxygen, 
which, however, he allowed to 
equal 100, instead of 16 as in our 
present system. In _ his little 
laboratory that looked like a 
kitchen and in which the sand- 
bath on the stove was never al- 
lowed to cool, Berzelius dis- 
covered the important elements: 
selenium, silicon, thorium, ce- 
rium, and zirconium. 

About a hundred miles north- 
west of Stockholm there lies 
among barren hills the famous 
old mining-town of Fahlun. The 
average tourist would not be 
greatly interested in the smoky 
old town with its grimy, little 
wooden houses, its sickly vege- 
tation, and its odor of sulfuric 
acid fumes, but the chemist would 
recall its important rdle in the 


early history of selenium. Berzelius and Assessor Gahn owned shares 
in a sulfuric acid plant at Gripsholm that used as raw material pyrite 
from the mine at Fahlun. On September 23, 1817 (7), Berzelius wrote 
to his friend, Dr. Marcet of London, that he and Gahn had found tellurium 
in the sulfuric acid, but on February 6th of the following year he wrote 
again to Dr. Marcet, telling him that they had been mistaken about the 


tellurium (8). 
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BALANCES USED BY BERZELIUS 


I have just examined it more carefully here at Stockholm (wrote 
Berzelius) and have found that what Mr. Gahn and I took for tellu- 
rium is a new substance, endowed with interesting properties. This 
substance has the properties of a metal, combined with that of sulfur 
to such a degree that one would say it is a new kind of sulfur. Here 
are some of its properties.... If one sublimes it in a large vessel, 
it is deposited in the form of flowers of a cinnabar red, which are 
nevertheless not oxidized. During its cooling it keeps for some 
time a certain degree of fluidity, such that one can shape it between 
the fingers and draw it into threads.... When one heats this new 
substance with a flame, it burns with an azure blue flame, and gives 
a very strong odor of radishes; it was this odor that made us think 
it was tellurium. 

The similarity to tellurium has given me occasion to name the 
new substance selenium.... In the hope of pleasing you and Mr. 
Wollaston, I am enclosing a little thread of selenium, which will 
surely be broken before arriving, but some of it will always remain. 
The paper in which it is wrapped has been colored by a sublimation 
of selenium which took place when, in my absence, the fire was 
stirred up too much in order to evaporate a solution of ammonium 
selenate (8). 





The following long quotation from Berzelius not only gives the details of 
this remarkable discovery, but also serves as a splendid example of his 
vividly clear literary style: 
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From Guinchard’s “Sweden,” Vol, 2 ous 
THE FaHLUN Mink Is THE OLDEST COPPER MINE IN SWEDEN blo 
It was worked in the 13th century, and has been run almost continually ever since, ae 
Its present output of copper is small, but iron pyrite is still produced. The pyrite from gol 
this mine was the first source of selenium. Gahn, the discoverer of manganese, and is 
Sefstrém, the discoverer of vanadium, resided in Fahlun. riu 
They use at Fahlun (he said) for the manufacture of sulfur, pyrites as 
occurring at various places in the copper mine. The pyrites are su 
often mixed with galena, blende, and several foreign substances, in 
The pyrites are placed on a layer of dry wood, in long, horizontal cel 
furnaces, the upper part of which is covered with earth and de- fo 
composed pyrites; the fumes pass from these furnaces into hori- bo 
zontal tuyeres, the fore part of which is of brick and the rest of wood. mi 
The wood is lighted below, and the heat causes the excess sulfur to re 
distil from the lower layer of the pyrite; the gaseous sulfur is carried ca 
by the current of warm air, and is finally deposited as flowers in we 
the tuyeres.... Wi 
When this distilled sulfur is used for manufacturing sulfuric acid im 
by burning it, a red, pulverulent mass is deposited at the bottom of op 
the lead chamber. This fact was observed long ago by Mr. Bjuggren, at 
who then owned a sulfuric acid plant at Gripsholm. He found that di 
this does not occur when another kind of sulfur is used; and as he of 
had learned from a chemist that the red material must contain ar- T 
senic, he no longer used sulfur from Fahlun. fi 
Since this plant has been purchased by Gahn, Eggertz and myself of 
(continued Berzelius), the Fahlun sulfur has been burned there con- 4) 
tinually. The red sediment which forms in the acid liquid always Ber 
remained at the bottom of the chamber, and consequently increased , 

in thickness to the depth of a millimeter. The operation by which 

0 


the sulfur is acidified in this plant differs from that usually employed 
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in that the sulfur is not mixed with potassium nitrate. Flat glass 
vessels containing nitric acid are placed on the bottom of the tank 
and the sulfurous acid gas, in decomposing the nitric acid, produces 
the nitrous gas necessary for the complete acidification of the sulfur. . . 


Berzelius then explained how he and Assessor Gahn had been misled into 
thinking that they had found tellurium in the sulfuric acid. 


In the glass vessels containing the nitric acid (said he) there is 
found, after the complete decomposition of the nitric acid, a concen- 


trated sulfuric acid at the bottom 
of which is deposited a red, or 
sometimes brown, powder. This 
powder aroused our attention and 
led us to make a special examina- 
tion of it. The quantity resulting 
from the combustion of 250 kilos 
of sulfur did not exceed 3 grams. 
The principal mass was sulfur; it 
could be lighted and burned like 
this substance; but it left a copi- 
ous ash which, when heated with a 
blowpipe, gave a strong odor of de- 
cayed radishes or cabbage, analo- 
gous to that which Klaproth says 
is produced when one treats tellu- 
rium in the same manner.... 

The appearance of a substance 
as rare as tellurium in the Fahlun 
sulfur led me to try to isolate it, 
in order to obtain more exact and 
certain ideas regarding it. I there- 
fore had the whole mass at the 
bottom of the lead chamber re- 
moved. While still wet it had a 
reddish color, which, upon desic- 
cation, became almost yellow. It 
weighed about four pounds. It 
was treated with aqua regia added 
in sufficient quantity to render the 
mass pulpy, and was finally digested 
at a moderate temperature. 





ALEXANDER MARCET 
1770-1822 


Swiss physician and chemist. Lec- 
turer on chemistry at Guy’s Hospital, 
London. Friend of Berzelius, Wollas- 
ton, and Tennant. He carried out a 
number of researches in physiological 
chemistry. In collaboration with Ber- 
zelius he studied the properties of 
carbon bisulfide. 


It gradually changed color, the red 


disappeared, and the mass became greenish yellow. After 48 hours 
of digestion, water and sulfuric acid were added, and it was filtered. 


The filtrate had a deep yellow color. 


The mass remaining on the 


filter had not visibly diminished in volume; it consisted principally 
of sulfur mixed with lead sulfate and other impurities. 


The final steps in the isolation of the new element were described by 


Berzelius as follows: 


A small quantity of filtrate (said he) was taken to study the method 


of separating the substance supposed to be present; it was pre- 
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cipitated with ammonium hydroxide. .The precipitate, well washed 
and dried, mixed with potassium and heated at the end of a barometer 
tube, decomposed with ignition. Placed in water, a part dissolved, 
and the liquid acquired the orange color of strong beer, very different 
from the red wine color given by the hydrotelluride of potassium, 
The liquid did not cover the silvery pellet which always rises to the 
surface of the hydrotelluride of potassium; but after a few hours, it 
became turbid and deposited red flakes, the quantity of which was 
increased by the addition of nitric acid. The precipitate was pre- 
served, and when a part of the filter on which the red precipitate had 
been collected was lighted at a candle flame, it gave the edges of the 
flame an azure blue color, meanwhile exhaling a strong odor of putrid 
cabbage. A portion of very pure tellurium, precipitated in the 
same manner from a solution of the hydrotelluride of potassium, hada 
gray color, gave a greenish color to the edge of the flame, and pro- 
duced no perceptible radish odor.... 





Berzelius then proved that the odor of impure tellurium is caused by the 
presence in it of small amounts of the new substance. 


Upon examining more carefully the purified tellurium which 
served for my earlier experiments with the oxide of tellurium and 
hydrogen telluride gas (said he) I found that it produced no odor, 
either when one heated it with the blowpipe or upon reduction to the 
oxide, and that the only way to make it produce such an odor was 
to heat it in a glass tube closed with the finger, until the vaporized 
metal escaped through a hole in the softened glass. It then burned 
in this hole with a blue flame, giving an odor entirely analogous to 
that of the red substance.... These experiments seemed to me to 
prove that the red substance could not be tellurium, but that tellu- 
rium itself contains varying amounts of it according to the care with 
which it has been purified. ... 





Repr 
Berzelius continued his experiments and soon realized that he was 
dealing with a new element. 

The brown material, insoluble in water, examined more carefully (2), 
(said he) was recognized to be the cause of the peculiar odor we Teat 
mentioned above; and by means of some experiments which we shall Dea 
report soon, it was found that it was a combustible, elementary sub- 
stance hitherto unknown, to which I have given the name selenium, this 
derived from Selene (the moon), to recall its analogy with tellurium. s - 
According to its chemical properties, this substance belongs between higl 
sulfur and tellurium, although it has more properties in common fore 
with sulfur than with tellurium (9). = 


Since Klaproth had named tellurium for the earth, Berzelius thought it leat 
appropriate to name the sister element for the earth’s satellite. The 
results of his investigation of selenium and its compounds were published 
in 1818 in the Annales de Chimie et de Physique. 
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Reproduced by kind permission of The Edgar F. Smith Memorial Collection in the History of Chemistry, 
University of Pennsylvania 


BERZELIUS AUTOGRAPH LETTER 
Translation of Letter, Part of Which Is Reproduced Above 


Letter of Introduction written by Berzelius for Mr. Engelke to Herr E. L. Schubartz 
(?), Ph.D., M.D., Professor Extraordinary of Chemistry at the University of Berlin and 
Teacher of Chemistry at the Technical Institute in Berlin. 

Dear Sir: Stockholm, Apr. 14, 1815. 


I herewith take the liberty to commend to you heartily Mr. Engelke, the bearer of 
this letter. Mr. Engelke is, to be sure, really neither a scientist nor a technologist; he 
is employed, however, in our local Commercial College, where, because of exceptional 
general knowledge and great eagerness to fulfil his duties properly, he will in time take a 
higher place. The object of his present journey is to study the various industries in 
foreign countries from the point of view of political economy, and indeed I could recom- 
mend him to no other than yourself with greater hope that he would receive sound 
guidance in these things. I should therefore deem it a great favor if you would have the 
kindness to receive my friend Engelke so that he may have an opportunity to see and 
learn the things corresponding to the purpose of his journey. 
I beg you to give my best regards to [name illegible] and, if there is an opportunity, 
to introduce Mr. Engelke to him. 
With most profound respect, I have the honor to remain, Sir, 

Your humble servant, [Jac. BERZELIUS 
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His “Lehrbuch der Chemie” wa 
translated into German by Wohle 
and was later translated into several 
other languages. Berzelius also pyb. 
lished each year, beginning in 182], 
report on progress in physics and 
chemistry called the ‘Jahresberich; 
uber die Fortschritte in der Physik und 
Chemie.” 

His students and friends adored 
him. Although Friedrich Wohle 
spent only a few months in Stock. 
holm, his contact with the great 
master influenced the whole course of 
his life. Their frequent exchange of 
intimate letters lasted many years, 
to be interrupted at last only by the 
death of Berzelius. Berzelius’ cor- 
respondence with Dr. Marcet, Davy, 











Jons JAKOB BERZELIUS 
1779-1848 


Professor of chemistry and medi- 
cine at the University of Stockholm. 
He determined the atomic weights of 
most of the elements then known, and 
discovered selenium and the earth 
ceria, and isolated silicon, thorium, and 
zirconium. Among his students may 
be mentioned Wohler, Heinrich and 
Gustav Rose, Mosander, Sefstrém, and 
Arfvedson. 


Wollaston, and others was also ex- 
tensive. 

_ He did not marry until late in 
life. On January 29, 1836, he wrote, 
“Yes, my dear Wohler, I have now 
been a benedict for six weeks. I have 
learned to know a side of life of which 





I formerly had a false conception or 
none at all’’ (10). The bride was more than thirty years younger than 
Berzelius, but their married life proved to be most happy. On the wedding 
day King Charles Jean of Sweden honored him in a gracious and appropriate 
manner. As Berzelius entered his bride’s home just before the ceremony, 
his father-in-law handed him a letter, saying that the King wished to have 
it read aloud to the guests. The letter, which was written in French, 
announced that Berzelius, because of his eminent services to Sweden, was 
to be given the dignity and title of Baron (10). 

Selenium is now used instead of manganese for decolorizing glass, and its 
principal uses are in the glass and ceramics industry. The metallic form 
of the element is a non-conductor of electricity in the dark, but hasa 
conductivity proportional to the intensity of the light falling on it. This 
peculiar behavior made possible the construction of the very sensitive 
photoelectric selenium cell. The first photophone using such a cell for 
transmitting speech by means of a beam of light was devised by Alexander 
Graham Bell in 1880, Although modern sound films are made with 
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photoelectric cells of the alkali metal type, the early development of talking 
pictures, phototelegraphy, and television owed much to the element that 
Berzelius discovered in the slime of his sulfuric acid plant (12), (13). 
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and Co., London, 1931, pp. 297-8 and 301-2. 
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WHAT THE CHEMIST SHOULD KNOW ABOUT PATENTs+ 


JosEPH RossMAN, U. S. PATENT OFFICE, WASHINGTON, D. C. 


The growing importance of chemistry is shown by recent Patent Office sia. 
tistics indicating that about 18 per cent. of all patent applications awaiting 
official action involve chemical inventions. The chemical worker is meeting 
with an increasing number of complex patent problems relating to his work. |; 
is therefore essential for him to have a thorough grasp of the essentials of 
patent law so that he may protect his own interests or those of his employer, 

Our patent laws are well adapted for the protection of chemical achievements 
and inventions. Practically all chemical discoveries which may have q 
practical application in the laboratory or in the plant can be adequately pro. 
tected by patents today. This paper outlines some of the basic principles of 
patent law which all chemists should understand, and the author urges that 
chemists in the industry as well as the schools and colleges should give more 
attention to this subject, for a knowledge of the patent law is as important to 
the chemist as his research tools. 


Many years ago Bacon said, “To invent is to discover that we know not.” 
His remark applies very aptly to the modern chemist who is continually 
making new discoveries which find practical application in the industries, 
Time was when the chemist rejected everything which drew him into the 
meshes of commerce. This was especially true of the research worker 
or the college professor. But times have changed. The chemist has be. 
come closely identified with the industrial and economic structure; he has 
been called upon to supply industries with synthetic raw materials built to 
meet specified conditions and purposes. The chemist has given the engi- 
neer materials for his machines and industrial structures. Without the 
chemist modern engineering would be impossible. 

Formerly the chemist felt amply rewarded if his work was published and 
discussed by his colleagues. If the results of his research had commercial 
possibilities he felt that it was up to the manufacturer or business man to 
exploit them if they wished todo so. The chemist was satisfied to stand 
by merely as an interested observer. 

The development of the American chemical industry has changed the 
entire outlook of our chemists. They are realizing that the neglect to 
obtain their earned commercial rewards is absurd economically as well as 
culturally, for funds earned in this way could be utilized for further research 
and the advancement of chemistry. For this reason most chemical 
inventions are patented today. This fact can be readily appreciated by 
studying recent Patent Office statistics. On April 25, 1931, out of a total 
of 96,576 patent applications awaiting action there were 17,058 applications 


* Presented before the Division of Chemical Education of the A. C. S. at the 
Buffalo meeting, August 31-September 4, 1931. 
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in eight chemical divisions of the Patent Office. In other words, nearly 
eighteen per cent. of all applications involved chemical inventions. This 
isan astonishing percentage when we consider that until recently most in- 
ventions were purely mechanical in nature. 

Chemical discoveries or inventions which are merely published and thus 
thrown open equally to all capitalists or manufacturers are seldom adopted. 
Bessemer, Baekeland, and other inventors have emphatically expressed this 
opinion. It is human nature to desire forbidden fruit. But produce a 
minor chemical invention and patent it and the chances are that some 
manufacturer may become interested in it. At least, its possibilities will 
be carefully studied and the patent may even be infringed. At any rate, a 
patent for a chemical invention certainly enhances its commercial possi- 
bilities as well as insures some financial reward to its originator. No manu- 
facturer or capitalist would be willing today to risk his money and expend 
his time and energy in developing on a commercial scale a new chemical 
product or process without being assured that he would be protected in 
some measure against possible pirates. 

As has been aptly said, ‘‘With the possible exception of gold or oil, there 
is nothing which so strongly intrigues the interest of the potential investor 
as patents.” 

Obviously, since it is a distinct advantage for the chemist to patent his 
important achievements which have commercial possibilities, the question 
will naturally arise how much patent law should a chemist know? 

First of all, he should understand that every chemical discovery which 
has some practical application either in the laboratory or in the plant is 
subject matter for patent protection. Every chemist is thus a potential 
inventor. New theories or principles, simple findings of facts or properties 
of chemical compounds are not subject matter for patents but, if these 
discoveries can be applied to some practical purpose, and the chemist can 
indicate their practical application, then in the eyes of our patent law he has 
made a patentable invention for which he can obtain a patent, provided, of 
course, it has never been described in the literature by some one else. 
The discovery, for instance, that ether has anesthetic properties cannot be 
patented* but if you should be the first one to make ether by treating alcohol 
with sulfuric acid then you could obtain a patent covering not only the new 
compound ether but also your method of making it. And if upon investi- 
gating the properties of ether you should discover that you can anesthetize a 
person by causing him to inhale ether by a novel method or apparatus, 
then you could also obtain another patent for your method of anesthetizing 
by the use of ether, as well as for the apparatus. 


* This was actually patented but subsequently it was held invalid for the reasons 
which will be given in greater detail later. 
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Furthermore, if you should discover that ether is an excellent solvent 
for fats and you should devise a method of extracting fats by the use of 
ether, then you could obtain a patent for this too. 

Scientific discoveries, newly found chemical properties of matter, new 
principles, a particular end or result to be accomplished are not patentable, 
no matter how brilliant these may be. But the application of a discovery 
to a practical and useful purpose is always patentable if the discovery jg 
harnessed and put to work in an apparatus or process so that it can be used 
for practical ends. 

In a celebrated case involving the patent for using ether as an anesthetic 
the court decided against the patent because it merely claimed the dis- 
covery of the property of ether as an anesthetic. Dr. Morton, who ob- 
tained the patent, was not the first one to make ether, neither did he 
devise a new method of administering anesthetics or an apparatus for 
facilitating its administration. The patent was therefore held invalid, 
the court saying: 


In its naked, ordinary sense, a discovery is not patentable. A 
discovery of a new principle, force, or law operating, or which can 
be made to operate, on matter will not entitle the discoverer to a 
patent. It is only where the explorer has gone beyond the mere 
domain of discovery, and has laid hold of the new principle, force, 
or law, and connected it with some particular medium or mechanical 
contrivance by which, or through which, it acts on the material 
world, that he can secure the exclusive control of it under the Patent 
Act. He then controls his discovery through the means by which 
he has brought it into practical action, or their equivalent, and only 
through them. It is then an invention, although it embraces a dis- 
covery. Sever the force or principle discovered from the means or 
mechanism through which he has brought it into the domain of inven- 
tion, and it immediately falls out of that domain and eludes his 
grasp. It is then a naked discovery, and not an invention. Every 
invention may, in a certain sense, embrace more or less of discovery, 
for it must always include something that is new; but it by no means 
follows that every discovery is an invention. It may be the soul of 
an invention, but it cannot be the subject of the exclusive control 
of the patentee, or of the patent law, until it inhabits a body, any 
more than a disembodied spirit can be subjected to the control of 
human laws.....The origin and existence of ethers, those wonderful 
agents that produce a harmless insensibility to pain, formed no part 
of the discovery. No one of them was brought to light by these 
patentees, for they were all well known before...The real discovery 
that was made...(was), that this well known inhalation of well 
known agents (in increased quantities) would produce a state of the 
animal analogous to complete intoxication, accompanied by total 
insensibility to pain. It (the specification) appropriately adds: 
“This is our discovery.” It is not important to inquire here whether 
this was the discovery of an increased and more perfect effect, the same 
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in kind with that already well known, or whether it was the discovery 
of an entirely new effect. The effect discovered was produced by old 
agents, operating by old means upon old subjects. The effect alone 
was new, and to that only can the term “discovery” apply. That 
this mere discovery, however novel and important, is not patentable, 
needs neither argument nor authority to prove. 


It should be evident that a great proportion of a chemist’s discoveries 
can be protected by a patent when they have some practical application. 
To be sure, patents are granted for inventions, but the term ‘‘invention’’ 
as used by the Patent Office and courts does not mean that the chemist 
must be a genius or perform miracles. Such chemical developments as a 
new method of separating metals, the preparation or synthesis of new com- 
pounds, a new chemical apparatus, devised for special purposes, a treatment 
of ores, new alloys and their preparation, cracking oils, plating with rare 
metals, etc., are matters which can be patented. Asa matter of fact most 
chemical patents involve only small improvements over the existing lit- 
erature. A sound application of chemical principles to solve technical 
problems can usually be patented if some modicum of originality is in- 
volved in arriving at the new result. Of course, if the chemist does the 
obvious thing which a thousand other chemists would be expected to do 
under the same circumstances, then he is not sufficiently original to merit a 
patent. But if what he has done is not clearly and readily inferable from 
or expressed in the chemical literature or current practice, then he has added 
something to his field and for this he can obtain a patent. In other words, 
the result of the ordinary expected skill of a chemist is not ordinarily patent- 
able. 

The chemist then must not necessarily make a revolutionary invention in 
order to obtain a patent. It is sufficient if he exercises his originality, 
performs unobvious manipulations or reactions which would not occur to 
the average chemist. It is obvious, therefore, that simple variations of 
procedures, apparatus or syntheses described in the literature or otherwise 
generally known in the chemical world cannot be patented because we 
would expect an ordinary chemist to make such changes. 

There are two essential requisites necessary for a patent—it must be for a 
new and useful invention. Inasmuch as utility is generally assumed by the 
Patent Office the chief question to be determined is that of a novelty. An 
invention is novel if it is not described in the literature or clearly inferable 
therefrom by an ordinary chemist working in a specific field. If the solution 
of a problem would occur to the average chemist or “‘a person skilled in the 
art” as he is called in legal phraseology, then no novelty is present. The 
general rule in all cases is that the achievements of an average chemist 
exercising his chemical training and utilizing ordinary facilities is not of 
such a high order of originality as to merit the designation of invention. 
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The results of the exercise of ordinary chemical skill, in other words, are 
not patentable. But if a chemist should perform something unusual jy 
overcoming a difficulty which was not obvious to other chemists, then he js 
entitled to patent protection. 

The chemist’s patentable inventions can be classified into new chemical 
products, processes, and apparatus. In legal parlance chemical products 
are designated as ‘‘composition of matter” or “article of manufacture,” 
Processes are often called “art’’ or “method” and apparatus may be 
termed ‘“‘machine’”’ or ‘‘means.” 

The chemist will find that under the class legally designated as “‘compo- 
sition of matter’? many of his chemical products and compounds will be 
patentable. This class includes all products which are the result of chemi- 
cal reaction or mechanical mixture and whether they be liquids, gases, 
solids, or powders. 

It may not be amiss for the chemist to know that not all chemical patents 
must necessarily involve chemical reactions. For example, many paints, 
lacquers, waterproofing liquids contain mixtures of compounds which do 
not necessarily react chemically, yet they can be patented because their 
component materials are useful for some common purpose. Thus in a 
paint it is obvious that the vehicle, pigment, and filler are mixed together to 
obtain a unitary result—that is, a good protective layer, but these com- 
ponents do not necessarily have to react chemically to be patentable as a 
“composition of matter.”’ 

Gunpowder is another example in which the ingredients are merely 
mixed mechanically, but which have a definite codperative function when 
used as an explosive. Gunpowder may therefore be considered as a 
mechanical composition of matter because its components have not yet 
reacted. 

The intermixture of the ingredients in producing a composition may be 
produced by mechanical or chemical operations, or by a combination of 
both. The resulting qualities or properties of a patentable composition of 
matter should differ from those of its individual components. 

A pure chemical compound such as nitroglycerin falls within the patent: 
able class of ‘‘composition of matter.” In this case the original ingredients 
have reacted so as to form an entirely new compound having distinct 
properties of its own. A composition of matter can thus be distin- 
guished from others not only by its properties but also by its chemical 
structure. 

The substitution of one ingredient for another in a mechanical composi- 
tion of matter is ordinarily not patentable unless some unforeseen or 
unusual result is obtained. The mere addition of inert ingredients to 
old substances is not patentable, yet the mixture of nitroglycerin with 
inert diatomaceous earth, producing dynamite, caused such radical changes 
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in the behavior of nitroglycerin that it was considered to be a patentable 
composition. 

A change in the proportions of ingredients in a composition of matter is 
not patentable, except when a new result is obtained. For example, 
Charles Goodyear discovered that soft, vulcanized rubber can be produced 
by heating rubber with 6 to 20 per cent. sulfur. For this he obtained a 
patent. Later Nelson Goodyear discovered that by increasing the sulfur 25 
percent. and upward a hard rubber product was obtained. Although this 
was merely a change in proportions of the ingredients a new and unknown 
substance was produced with unusual properties not possessed by Charles 
Goodyear’s product. Such change was therefore held to be sufficiently 
novel to be patentable. 


1. Processes resulting in patentable products. 

2. Processes resulting in the commercial production of something 
known previously in the laboratory. 

3. Processes resulting in the elimination of impurities from a chemical 
article. 

4, Processes for a cheaper or better production of a commercial article 
requiring elaborate or distinctive apparatus. 

5. Processes requiring ordinary apparatus, resulting in the production 
of an article possessing distinctive but unpatentable characteristics. 

6. Processes requiring only ordinary apparatus and showing nothing 
distinctive in the product. 


The Supreme Court has defined a process as a mode of treatment of 
certain materials to produce a given result. It is an act, or a series of acts, 
performed upon the subject matter to be transformed and reduced to a 
different state or thing. A process is an act or mode of acting. It is evi- 
dent, of course, that a series of physical operations such as folding a sheet of 
paper may be considered a patentable process. In a chemical process the 
materials treated may be considered to enter into or patentably modify the 
steps. Thus a process of heating a mixture of calcium oxide and carbon to 
2000 degrees C. is different from a process of heating a mixture of silica 
and carbon, for in one case calcium carbide is produced and in the other 
silicon carbide. But where chemically inert substances are broadly 
treated or mixed as in the steps of mixing asphalt and cork, which may be 
considered to be a patentable process, a similar procedure in mixing asphalt 
and coke would not be a patentable process because the same steps are 
taken. The novelty would reside in the resulting mixtures and not in the 
steps of mixing. 

Many factors must be considered in determining the patentability of 
chemical processes. In describing the process it is only necessary to de- 
scribe the mechanical steps taken in executing the process. It is not 
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necessary to give a scientific explanation of the theories or reactions involved, 
It is assumed that the description is addressed to the chemist and only 
essential directions in obtaining the desired results need be given. 

The ingredients or materials used in the process must of course be 
specified, giving details as to quantities or proportions, the purity of ma. 
terials used, the condition of the materials whether solid, liquid or gaseous, 
or colloidal, the strength and concentration of solutions, the solvents em. 
ployed, and pH values—if any of these factors are vital and critical. 

Operating conditions should be given in regard to temperature, pressure, 
nascent state, electrical conditions, or other conditions which may be essen- 
tial, such as light, X-rays, effect of catalysts, enzymes, or bacteria. If time 
is essential to the process it must also be specified. 

If a variation of any of these factors brings about a new and unexpected 
technical result then we can be sure that we have a patentable process, 

Novelty in an apparatus may reside in utilizing new means although the 
result obtained in using the apparatus is old. Novelty may consist of the 
use of old means in a new way whereby new functions are performed or new 
results produced. Novelty may reside in a new arrangement or combination 
of old elements. But mere obvious changes such as changes in degree, size 
or proportions, transposition of parts, strengthening or enlarging parts, 
substituting other materials, duplication of parts, omission of elements, 
substitution of equivalents, change of location, making parts integral, 
separate, or adjustable. However, any change may involve invention 
if it leads to an unobvious, unforeseen, or unusual and highly desirable 
result which could not be foreseen or predicted, thus producing a new mode 
of operation or effect previously unknown. A combination of old parts is 
not patentable unless a new mode of operation is introduced which was not 
known before, but a more convenient assemblage of devices, each perform- 
ing its own separate function, independent of the others, is considered to be 
merely an aggregation and therefore not patentable. The assembly of 
separate units into an organized whole is not patentable if it merely re- 
quired ordinary and expected skill to do so. 

It is important for the chemist to know that he can legally protect most 
of his researches when they have industrial uses. By patenting his achieve- 
ments he will enhance his discoveries, increase his prestige, encourage the 
development of the chemical industry, induce capitalists to back him with 
their financial resources and thus ultimately advance our entire social 
welfare. 

No chemist should be ignorant of the essentials of patent law any more 
than he can afford to be ignorant of the fundamental principles of chemis- 
try. The principles of patent law are easy to grasp and a moderate 

amount of study will be well worth while to the chemist in enabling him to 
decide general questions of patent policy. He will know when and how to 
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avoid infringement of chemical patents owned by competitors. He will 
understand the scope of his own patent protection—whether it is sufficient 
for his purposes. He will be sure to devise possible alternative methods 
and patent them in order to catch would-be infringers. He will be able 
to advise his executives in an authoritative manner in regard to patent 
suits and give sensible opinions based not only on his knowledge of chemis- 
try but also on patent law. He will be able to codperate in an intelligent 
manner with his patent attorney and understand what he is doing and how 
well he is doing it. He will be able to defend his patent in court and know- 
ing the essentials of patent law he will know the significance of his testi- 
mony as well as that of others. He will know the value of keeping accurate 
records of his experiments and carefully preserve them. He will disclose 
his new ideas to trusted people at the opportune and proper time and make 
suitable notes of such facts. He will preserve important correspondence 
relating to his work. He will understand the principles of patent agree- 
ments, licenses, and royalties sufficiently to protect his interests so that he 
may not be deprived of his earned reward. 

Too many chemists take the attitude that they have merely utilized 
ordinary principles of chemistry and laboratory methods in performing their 
every-day duties. Some of our most important chemical industries are 
based on extremely simple reactions. The electrolytic production of 
aluminum, the contact sulfuric acid process, the manufacture of electrolytic 
caustic soda and chlorine, for instance, involve very simple chemical 
reactions. 

In case of disputes with his employer the chemist will know what rights 
he has to his inventions which are developed in the laboratory of his 
employer; he will understand how it can be possible for him to infringe 
other patents even though he has been granted a patent by the govern- 
ment. He will fully understand why a patent does not give him any legal 
rights unless he enforces them himself; he will know that the “exclusive” 
right to his invention granted by a patent means the right to exclude 
others by bringing suit against them; but that otherwise his patent 
is subject to the prior rights of others; he will appreciate the importance of 
thoroughly investigating the patent literature before launching upon any 
manufacturing venture lest he be prohibited from carrying on his business 
by owners of dominating patents. He will know that his patent will be 
invalid if he fails to disclose the essential features of the invention which are 
vital in obtaining the desired result and he will therefore not fail to mention 
in his patent critical temperatures, concentrations, pressures, proportions of 
ingredients, optimum range of operating conditions as regards time or 
reaction conditions, proper sequence of operations or circulation and 
handling of materials, the use of catalysts, the state of purity of his reagents 
if these be essential. He will not delay in filing his patent application more 
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than two years after it is in public use lest he lose his legal rights to a patent, 
He will know how to investigate the patent literature and utilize it as g 

source of information. He will know how to keep up to date with the Co, I 
latest patented inventions so as to keep an eye on his competitors as well 

as to receive suggestions for improving his own methods or developing new ( 

ones. Socie' 

He will not ask, ““What good is a patent to a chemist?” for as previously 

pointed out, it may, first of all, help him to obtain capital for commercially P 


developing his chemical invention. He may also sell his patent outright, 
or on a royalty basis, to a manufacturer, and thus get an early financial 

return for his work. If the chemist is a manufacturer he can obtain a 
monopoly of his particular business through his patent, preventing every | 
one else from making his product. A patent also has excellent advertising Rock 
value in selling the product. It must also be remembered that a patent 
serves as a publication, thus clearly recording the chemist’s contribution to 
his field. No chemical process need be kept secret for, by patenting it, 
legal protection can be obtained, whereas if the secret leaks out, the chemist 
may lose all his rights to his invention. He can also freely publish his 
results and be assured that he will not be deprived of his rights, for his 
patent will protect him. He will thus further his own interests as well as 
help to promote the advance of his industry in disclosing his inventions to 
others and thus stimulate further research and development. 

Our chemical schools are sending out their chemists and chemical Was 
engineers in abysmal ignorance of patent law. Hence the chemist is 
usually fleeced and robbed of his creative work and only after much bitter 
experience and loss of time and money does he learn his fundamentals of 
patent law. 

Would it not be better to require every chemist and chemical engineer to 
take a thorough course in patent law? Why should the young, hopeful 
graduate be deprived of a powerful tool—a tool as essential as any of his 
research tools? Only then will chemical workers be respected by society at 
large as well as by our executives and capitalists. For every successful 
achievement in chemical industry there have been hundreds of failures and 
heartbreaks due to pure ignorance, and it is time that our schools at least 197 
make some attempt to equip our chemists to fight their battles with their 
eyes wide open. If knowledge is power—then surely knowledge of patent 
law is full of possibilities to every chemist. 


SELECTED BIBLIOGRAPHY OF PATENTS AND INVENTIONS OF INTEREST 
TO CHEMISTS 
The following annotated bibliography may be useful to the chemist as a guide in 
looking up the literature on patent law. 
Avram, Mors H., “‘Patenting and Promoting Inventions,” R. M. McBride & Co., 
New York City, 1918. 


D.C 











atent, 
asa 
h the 
> Well 
y new 


usly 
‘ially 
ight, 
ncial 
in a 


sing 
tent 
n to 
y it, 
nist 
his 
his 
l as 
3 to 





VoL. 9, No. 3 





CHEMICAL PATENTS 





Some helpful suggestions are given for commercializing inventions. 


Barr, W., “Inventions, Their Development, Purchase, and Sale,’ D. Van Nostrand 


Co., Inc., New York City, 1920. 


This book also treats the commercial aspects of inventions. 
Giascock, E. S., “Manual of Patent Office Procedure,” 5th edition, Patent Office 


Society, Washington, D. C., 1929, 


The internal procedure in the Patent Office is described in this book. 
Important executive orders and notices of the Commissioner of Patents are 
also included. 


Hoar, R. S., “Patents,” Ronald Press, New York City, 1926. 


A popular account of so much of the patent law as will enable a business 
executive to understand his patent attorney and to coéperate fully with him. 


“Law Books and Their Use,” 6th edition, The Lawyers Coéperative Publishing Co., 


Rochester, N. Y., 1930. 


This is a useful manual discussing the sources of the law and how to search 
them. 


McCrapy, ARCHIE R., “‘Patent Office Practice,’’ H. D. Williams Co., Washington, 


D.C., 1928. 


A legal textbook which covers the entire field of prosecuting patent applica- 
tions before the United States Patent Office. The Rules of Practice are taken 
up systematically and thoroughly, pertinent decisions being cited for every 
important point discussed. The author states in his preface that ‘‘a knowledge 
on the part of the reader of the fundamentals of substantive patent law has 
been assumed.” 


MritiER, Howarp S., ‘Reformation of Interference Issues,’’ Published by author, 


Washington, D. C., 1929. 


Some difficult legal phases in interference procedure are treated in this 
book. It is written primarily for patent attorneys, 


“Patent Laws,” U. S. Govt. Printing Office, Washington, D. C., 1931. 


This booklet contains all the federal laws relating to patents. It can be 
obtained free of charge from the U. S. Patent Office. 


“Patents,” American Law Book Co., New York City, 1929. 


An excellent and concise expository statement of patent law is given in 
this volume which is reprinted from volume 48 of Corpus Juris, an exhaustive 
encyclopedia of law. Every point discussed is supported by the citation of 
many decisions. It is a valuable reference work for patent attorneys in finding 
the law. 


Potts, Haro_p E., ‘‘Patents and Chemical Research,’’ University of Liverpool, 


1921, 


Although dealing with English patent law this book contains a great deal 
of interesting matter to the American chemist interested in patents. 
Ruopgs, F. H., ‘Patent Law,’’ McGraw-Hill Book Co., New York City, 1931. 


A popular exposition of patent law. Its chief defect consists in having 
too many quotations from the Statutes and Rules of Practice which are con- 
fusing and unintelligible to the beginner as their meaning is not thoroughly 
explained. 


Ross, Joun F., ‘Patent Essentials,” Funk and Wagnalls, New York City, 1928. 


This book is an attempt to give a popular explanation of patent law but 
the author often lapses into language which can only be understood by a 
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patent attorney. Mechanical rather than chemical inventions are stressed 
The appendix, occupying nearly half of the book, contains a complete repro- 
duction of file wrappers of mechanical, process, and composition of matter 
applications. 


RoBerts, GEorGE L., “Patentability of Inventions and the Interpretations of 
Patents,’’ 2 vols., Little, Brown & Co., Boston, 1927. 


This book is written primarily for the patent attorney. It is an attempt 
to give the legal answer to the question: What is a patentable invention? 
by an analysis of many court decisions. 


ROBINSON, WILLIAM C., “The Law of Patents for Useful Inventions,” 3 vols, 
Little, Brown & Co., Boston, 1890. 


A classic and the most thorough treatise on patent law. Unfortunately 
it is not up to date and therefore not dependable for present-day practice. 


RoGERS, WALTER, ‘‘The Law of Patents,’ 2 vols., Bobbs-Merrill Co., Indianapolis, 
1914. 

This book consists of a discussion of patent law principles as well as the 
actual opinions of the courts rendered in leading patent cases. Important 
statutes and rules are also included. It is primarily a reference book for the 
patent attorney. 


RossMAN, JosePH, “The Law of Patents for Chemists,” The Inventors Pub. Co,, 
Washington, D. C., 1932. 


This book aims to give a rather comprehensive treatment of the technical 
subject of patent law in language which can be comprehended by chemists 
without legal training. 


ROSSMAN, JOSEPH, ‘“‘The Psychology of the Inventor,’’ The Inventors Pub. Co, 
Washington, D. C., 1931. 


This book is based on a study of 710 active contemporary inventors. It 
describes the actual methods followed by inventors, their mental processes, 
how they get ideas, the obstacles and pitfalls which they encounter, and many 
other interesting aspects relating to the work of the inventor. 


“Rules of Practice in the United States Patent Office,’’ U. S. Govt. Printing Office, 
Washington, D. C., 1931. 
This pamphlet contains all the rules of procedure in the U. S. Patent 


Office. An appendix is included containing approved legal forms. This 
pamphlet may be obtained free of charge from the U. S. Patent Office. 


Scumipt, HENRIK J., “Your Patent,’’ Euclid Publishing Co., New York City, 1929. 


Information is given in this book on how to sell or otherwise commercialize 
inventions. 


SINGER, BERTHOLD, “‘Patent Laws of the World,’’ New York City, 1930. 


The essential features of the patent laws of all the countries in the world 
are outlined in this book. 


STRINGHAM, EMERSON, ‘‘Patent Soliciting and Examining: A Guide to ex parle 
Practice in the U. S. Patent Office,’ Pacot Publieations, Washington, D. C., 1930. 


This book is in substance a new edition of ‘‘Examining Patent Applica- 
tions’ (1924). It cites and discusses many recent decisions relating to the 
prosecution of patent applications. The law is stated very clearly and many 
citations to articles and textbooks are given for further investigation of 
difficult legal questions. 
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SrrINGHAM, EMERSON, ‘‘Patent Claim Drafting,’ Pacot Publications, Washington, 


D.C., 1930. 


An excellent and unique book discussing all the important legal aspects 
relating to the drafting of claims. Numerous decisions are cited and many 
types of claims are quoted as illustrative examples. It is written for the 


patent attorney. 
SrrRINGHAM, EMERSON, “‘Patent Interference Equity Suits,” Pacot Publications, 
Washington, D. C., 1930. 
Suits under Revised Statutes 4915 and 4918 are treated in this book. 
Elaborate forms are included. 
THOMAS, EDWARD, ‘“‘The Law of Chemical Patents,’’? D. Van Nostrand Co., Inc., 
New York City, 1927. 
The book consists of a compilation of quotations from court decisions. 
The text proper is very meager consisting of only a few pages. 
Toumin, H. A., ‘‘Patent Law for the Inventor and Executive,’”’ Harper & Bros., 
New York City, 1928. 


The title is misleading since the subject is not treated systematically. 
The book consists of a popular discussion of miscellaneous problems in patent 
law. Of particular interest is chapter IV containing forms for keeping inven- 
tion records. 


UNDERWOOD, HoMER C.., ‘Interference Practice,”’ Patent Law Pub. Co., Detroit, 
Mich., 1928. 


A reference book for patent attorneys covering the legal aspects of inter- 
ference procedure. 


“United States Code Annotated, Title 35, Patents,’’ West Publishing Co., St. Paul, 
Minn., 1929. 
This volume contains all the statutes relating to patents. It is kept up 


to date by a supplement. Many citations of court decisions are given which 
are useful in locating the law. 


Lotscu, JOHN L., ‘“Walker on Patents,” 6th Edition, 2 vols., Baker, Voorhis & Co., 
New York City, 1929. 

Walker on Patents is the standard textbook on patent law. It has been 
quoted often in legal opinions. The first edition was published in 1886. The 
present second volume contains all the patent laws enacted since 1790. A list 
of all patents cases decided by the Supreme Court, together with a short 
statement of the matter covered by the decision, is given. Forms used in 
patent litigation are also included. 


Wricut, Miron, ‘Invention and Patents,” McGraw-Hill Book Co., New York 
City, 1927. 


_ A popular, very readable book giving sound advice for commercializing 
inventions. 


PERIODICALS 


Very little information concerning patents of interest to the chemist is available 
in the usual periodical literature. The Journal of the Patent Office Society (Washington, 
D. C.), a monthly periodical begun in 1918, contains a wealth of information relating to 
all phases of patent law. The majority of the articles are written by Patent Office 
officials and prominent patent attorneys. A ten-year subject index appears in Volume 
ll. The following articles are also of interest to the chemist: 
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BAEKELAND, L. H., ‘‘Protection of Intellectual Property in Relation to Chemical 
Industry,” Met. Chem. Eng., 11, 31-6 (1913). 

BARROWS, FRANK E., ‘‘Patent Law of Interest to Chemists. I. Patent Rights,” 
Ind. Eng. Chem., 15, 80-2 (1923). 

Burcess, Louts, ‘““When Should You Apply for a Patent?” Chem. & Met. Eng., 36, 
728-9 (1929). 

Burcess, Louis, “Protecting Ideas through Patents and Litigation,” ibid, 
36, 158-60 (1929). 

BurGEss, Louis, ‘““What Constitutes Invention?” ibid., 36, 883-4 (1929). 

DANNERTH, FREDERIC, “Legal and Official Chemistry,” ibid., 24, 397-9 (1921), 

DELLER, WILLIAM D., “Principles of Patent Law Involved in the Weiss Patent 
Litigation,” Ind. Eng. Chem., 20, 1361-3 (1928). 

GROSVENOR, WILLIAM M., “‘The Seeds of Progress,” Chem. Markets, 24, 23-4 
(1929). 

Hesse, BERNHARD C., “The Patent Expert and the Chemical Manufacturer,” 
Ind. Eng. Chem., 5, 854-7,.(1913). 

JENKS, CLAYTON L., “Industrial Research and Patents,” Chem. & Met. Eng., 26, 
394-7 (1922). 

Jenks, CLayTon L., “Inventors, Inventions and Patent Practice,” Chem. Age 
(New York), 31, 151, 213, 261, 315, 367, 409, 471, 513, 553 (1923); 32, 87, 135, 187, 
240, 314, 347, 464 (1924). 

Jessop, Eart N., “German Patent-Bibliography,” Ind. Eng. Chem., 8, 1053-4 
(1916). 

Keyes, D. B., ‘“The Appraisal of Chemical Invention,” zbid., 15, 972-3 (1923). 

Keyes, D. B., “Applying for a Patent,’”’ Chem. & Met. Eng., 29, 405-6 (1923). 

McEL;roy, K. P., “Product Patents,’ Ind. Eng. Chem., 10, 257-8 (1918): 

McE troy, K. P., “Elements in Patent Law,” zbid., 21, 608-9 (1929). 

Marx, Cart, “Chemical Patent Searches,” Chem. Age (New York), 31, 3934 
(1923). 

Mastick, SEABURY C., “Chemical Patents,” Ind. Eng. Chem., 7, 789-97, 874-82, 
984-91, 1071-81 (1917). 

RIVISE, CHARLES W., ‘“‘What’s Patentable in Industrial and Chemical Engineer- 
ing,” ibid., 23, 580-93 (1931). 

ROSSMAN, JOSEPH, “Patents and Research,’”’ Chem. Markets, 28, 373-6 (1981). 

SmiTH, JULIAN F., ‘Patent Reference Sources,” Ind. Eng. Chem., 16, 527-8 
(1924). 

Tuomas, Epwarp, ‘‘An Outline of the Law of Chemical Patents,’ zbid., 19, 
176-80, 315-7, 426-9 (1927). 

TouLmin, H. A., AND HEywoop, J., ‘“‘“Some Pitfalls of Chemical Invention,’’ Chem. 
& Met. Eng., 32, 157-8 (1925). 

Toutmin, H. A., ‘Chemical Problems in Patent Law,” ibid., 33, 729 
(1926). 

UNTIEDT, FREDERICK H., “‘Some Aspects of Chemical Patent Searches,’’ Ind. Eng. 
Chem., 21, 689-91 (1929). ; 

Van Doren, Liovyp, ‘‘Current Chemical Patents and Chemical Problems,’’ Chem. 
Age (New York), 30, 189-90, 235-8, 333, 365-6, 467-8, 513-8, 559-62 (1922); 31, 
43-6, 79, 139 (1923). 

Van Doren, Lioyp, ‘Rights of Employer and Employee,” ibid., 31, 493-4 
(1923). 
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Van Doren, Lioyp, “Studies in Chemical Patent Procedure. I. Hall Patents 

for Aluminum Production,” Ind. Eng. Chem., 21, 120-4 (1929). 
* *+ * &£ & & 

Articles on the subject of patents which have appeared in the JouRNAL oF CHEMI- 
cat EpucaTIon are as follows: 

Van Doren, Lioyp, “What the Chemistry Student Should Know about Patent 
Procedure. I. Development of Our Patent System,” J. Cuem. Epuc., 6, 123-8 
(Jan., 1929); “II. Organization of the Patent Office,” zbid., 6, 536-40 (Mar., 1929); 
“TJ, Preparation of the Application,” ibid., 6, 966-72 (May, 1929). 


Chromium coats improve U. S. rifles. Very thin coatings of chromium, bluish 
white non-tarnishing metal used on auto trim and plumbing fixtures to keep them shiny, 
are being applied to the interiors of Uncle Sam’s large and small caliber guns to keep them 
from rusting and to give them longer life, Dr. William Blum, Bureau of Standards 
authority on electroplating, revealed in a recent address before the Franklin Institute, 
Philadelphia. 

Not more than four ten-thousandths of an inch thickness of chromium metal is used 
as the protective coating on rifle and machine gun barrels at Frankford Arsenal, Phila- 
delphia, and on six-inch guns at Washington Navy Yard. 

Dr. Blum predicted that chromium plating for wear resistance would be more ex- 
tensively utilized in the near future. Chromium aids the manufacture of both paper and 
metallic money. Printing plates from which all United States paper currency and post- 
age stamps are printed are chromium coated, while some dies used in stamping coins at 
the Philadelphia Mint are made to last longer by chromium coats. Other applications 
of chromium include tools for cutting soft but abrasive materials, dimensional gages, 
electrotypes, piston pins, machine parts, etc. 

Electro-deposition of platinum metals and tungsten promise to meet new problems 
of industry in the near future, Dr. Blum said.— Science Service 

New radium in Canada will break world monopoly. That radium to the value of 
hundreds of millions of dollars, just discovered in Canada, will break the Belgian world 
monopoly of this precious substance and speed up the relief of cancer victims is the opin- 
ion of competent mining experts. 

The pitchblende treasure bearing $150 worth of radium in every pound of ore, dis- 
covered by Gilbert Labine and Shirley R. Cragg, airplane prospectors, of the El Dorado 
Mines Corporation at Labine Point in the Great Bear Lake region, is equal in richness 
to the best ores of the Belgian Congo, which since 1922 have driven all competitors, 
including the United States, from the market. 

The new ore is here described by geologists as ‘‘a very substantial deposit of high- 
grade material’’ yielding 3 to 4 grams of radium per ton. Twenty tons have already been 
shipped on a fur steamer of the Mackenzie river and forty more tons mined ready for 
shipment at a cost which compares favorably with Belgian freight charges on the long 
passage from Africa to the refineries in Europe. 

Hundred-pound lumps were actually picked up on the surface. The radium from 
these will yield $70,000 a gram whereas the most valuable emeralds fetch only $5000 
agram. Silver ore yielding $300 a ton has been found alongside. 

The Canadian discovery, consisting apparently of several thousand tons of ore, 
will add greatly to the world’s present 600-gram total supply of radium. Treatment of 
cancer, until now hindered by the prohibitive prices, will be greatly helped.—Science 
Service 
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A CHEMISTRY EXHIBIT 


fH. W. BAKER AND L. I. PHares, SENIOR HiGH ScHoot, BATTLE CREEK, MICHIGAN 


This article deals with a chemistry exhibit which was held in the Battle 
Creek High School in May, 1931. It explains in some detail just how the 
exhibit was handled from the time early instructions were given to the students 
as to the preparation of their charts until they were completed and the exhibit 


was held in the gymnasium. 


The fact that the charts were preserved and later placed in the classroom for 


future reference 1s stressed. 


For several years we have followed with considerable interest the 


different articles which have appeared in the JOURNAL OF CHEMICAL EpuCcA- 


TION concerning exhibits.* On 
several occasions we have tried 
these ideas on a small scale 
with a fair degree of success. 
For instance, two years ago 
some of our students were en- 
couraged to prepare charts 
and scrap-books and one of 
them submitted in The Chem- 
istry Leaflet Contest a scrap- 
book which won the first prize 
of $50.00. 

In May, 1930, our students 
in second-semester chemistry 
prepared fifty or sixty charts 
very similar to those suggested 
in various previous articles in 
the JouRNAL OF CHEMICAL 
EpucaTIon. After exhibiting 
them in our classrooms, we 
placed several on the bulletin 
boards in the corridors where 
the student body could view 
them. Later twenty-five or 
thirty of the best ones were 
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taken to the city library building where they were left for several days 
in order that the public might have an opportunity to examine them. 
Among the many comments which we received about the charts were two 
in particular that gave us new enthusiasm. One came from a contractor 
who lived in a neighboring city. He was very much interested and said 


*See Bibliography. 
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that he believed schools should do more of this kind of thing. The othe, 
came from a man who was visiting at the Battle Creek Sanitarium anq 
who was connected with a private school in Alabama. He asked that he 
might borrow some of the charts and have them photographed so that his 
students might carry on some of this project work. He later wrote tha 
he secured some excelient pictures. He also stated that he would like 
to buy some of our charts if they were for sale but they were not. 

Because the display attracted so much attention, it occurred to us that 
perhaps exhibit material prepared in this way was of more importance 
than we had realized. 

Hence, last spring we decided to capitalize as many suggestions obtained 
from the JOURNAL OF CHEMICAL EDUCATION as we could, together with 
our own experiences, and incorporate them into a more extensive project, 
As the plans developed, other new ideas of our own also crept in and per- 
haps some of the things which we learned and did will be of interest to others 
who would like to do a similar piece of work. 

Early in the second semester we gave each pupil a mimeographed sheet 
explaining the proposed project and giving him a suggested list of sub- 
jects from which to select. Definite dates were set at this time for handing 
in reports on the progress, and dates were also set for the exhibit itself. We 
secured permission to have exclusive use of the school gymnasium for a 
solid week in May. 

Each pupil was required to make one poster project, or to set upa 
model of some chemical process, and to write an essay on his subject. 
The preliminary work was to be done in extra time, as regular classwork 
proceeded as usual until about two weeks before the exhibit. At this time 
we gave over all of the class time to work on the projects and continued 
until most of the posters were ready, which in the majority of cases was 
about a week. Following a splendid suggestion in the April, 1931, JouRNAL 
oF CHEMICAL EpvucaTION (10) all the posters were made on beaver board 
of uniform size (24” 32”), and when finished were sprayed with clear 
lacquer to make them waterproof and also to preserve them for future 
use. 

Originality in construction was urged and in many cases more. than 
one person worked on the same subject, but each developed it in his own 
way so that instead of overlapping, one supplemented the other. When- 
ever it was feasible, the pupils made samples of the material which they 
were representing on their poster. For example, samples were made of 
the following: soap; medicines, such as aspirin and acetanilide; an- 
tiseptics, such as tincture of iodine and iodoform; patent medicines; 
paper (6); candy; glass; paint; lacquer; cosmetics; writing ink; print- 
ing ink; corn sirup (13); fertilizers; dentifrices; photographic paper; 
silvered mirrors; galvanized iron; baking powder; matches. Sets of 
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Tuts Group EXHIBIT CONSTITUTED THE CENTERPIECE ABOUT WHICH ALL OTHERS 
WERE ARRANGED 


The locomotive, tractors, airplane hangar, and beacon light help to emphasize 
the age of iron and steel. At the right are several individual exhibits on ceramics, 
with the gas range from the A. B. Stove Co., manufactured in Battle Creek; also 
dishes, showing various stages of development, secured from a china company. 


model apparatus were set up showing the operation of a gas plant, the 
Birkeland-Eyde process for making nitric acid from the air (15), the 
composition and operation of a storage cell, a controlled experiment 
showing the effect of different fertilizers on a group of tomato plants, 
the operation of a neon lamp, spectrum analysis, an electric railway, and an 
electric furnace. 

The exhibit was scheduled for Thursday and Friday so we began arrang- 
ing the charts on Monday. They were grouped together according to 
relationship, resting on tables and supported from above by wires fastened 
to the gymnasium running track. Crepe paper was used freely to cover 
up the tables and wires, and also for decoration. Many of the pupils had 
written to companies for exhibit material and some had received some very 
helpful samples. Other pupils secured material locally, mostly borrowed, 
and each such contribution was acknowledged with a “courtesy card.” 
Some of the material which we were able to borrow locally was as follows: 
an electric refrigerator with an accompanying lighted display showing the 
operation of compression, evaporation, and expansion of the sulfur dioxide; 
a gas stove to illustrate the chart on enameling; an Austin car to illustrate 

















AT THE LEFT VISITORS ENTERED, REGISTERED WITH STUDENT-MADE INK, RECEIVED 
A TICKET TO THE CHEMISTRY SHOW—-PRINTED ON THE HAND PRESS WHILE You 
Wait—THEN FoLLows EXHIBIT ON THE CHEMISTRY OF INKS. NEAR THE Rg- 
FRIGERATOR CAN BE SEEN THE MODEL WITH MOVING ParTS SHOWING How TeEm- 
PERATURES ARE LOWERED BY VAPORIZATION OF LIQUEFIED GASES 


the chemistry of the automobile; auto tires and other rubber articles; 
ingredients used in the manufacture of flavors; a neon tube, as used in 
making signs, together with a transformer so that it was kept in operation; 
samples of prepared foods; samples of paints and lacquers; a working 
model of the “Akron”’ hangar and Zeppelin; a working model of an airport 
beacon; an electric train outfit; model airplanes which were suspended by 
wires from the girders; different types of fire mask outfits and an oxygen 
inhalator from the fire department; an oxyacetylene welding outfit from 
the automechanics department of the school; different kinds of apparatus 
from the physics department; and telephones. 

The exhibit was open from noon until nine-thirty in the evening with 
pupils from the chemistry classes present to make people welcome and to 
explain the charts. ‘Eskimo Pies,’’ sandwiches, and candy were sold and 
the proceeds helped to pay some of the expenses. Each person was asked 
to register, using ink made by one of the girls. Over 1700 people signed 
the book, and we estimated that approximately 2500 people were in 
attendance. Most of the students in school, as well as many of the parents, 
attended, which made an excellent opportunity to meet some of them who 
otherwise would not come to the school. One expression heard many times 
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INTERESTING Books ON CHEMISTRY FROM OuR HIGH-SCHOOL LIBRARY WERE PLACED 

IN A CONSPICUOUS PLACE IN THE EXHIBIT IN ORDER THAT THE PARENTS AS WELL 

AS OuR STUDENT Bopy MIGHT REALIZE WHAT A FIELD OF FASCINATING LITERATURE 
ON CHEMISTRY EXISTS 


was: “I had no idea that chemistry had to do with so many things.”’ 

One student who had made some printer’s ink had a little hand press 
near the registration desk and gave a ticket to each guest which entitled 
him to admission at a chemistry show given in an adjacent lecture room. 
This show consisted of the usual pyrotechnic displays; explosions; turning 
water into wine, milk, and grape juice, etc. (2), (7). Asa distinctly educa- 
tional feature, thermite welding was demonstrated with lights turned out 
for increased effectiveness. All of this manipulation was carried out by 
pupils. At the exhibit itself one of the things which attracted the most 
attention was an alchemist’s booth, rigged up with all the musty old 
equipment obtainable and a black-hooded attendant working among his 
mysterious bottles, making colors and precipitates, and changing pennies 
into “silver” to the joy of the children and amazement of some of their elders. 

Inasmuch as a great deal of time was spent in making the project worth 
while, an invitation was given to all the pupils of neighboring schools to 
attend, which many did in groups. A unique feature of the posters used to 
advertise the exhibit was the use of cuts of beakers, test tubes, etc., bor- 
towed from achemical company. One of the local newspapers found occasion 
for an editorial on one of the charts. This chart contained samples of the 
chemicals found in the human body, giving the approximate amounts of 








SMALL VIALS ON THE TABLE CONTAIN SAMPLES OF CHEMICALS FOUND IN Various 
PARTS OF THE UNITED STATES. THEY ARE ATTACHED BY STRINGS TO THE CHEMICAL 
Map To SHOW LOCATION 
Sulfur is considered an important chemical by our students judging by the number 
of charts devoted to it. The charcoal drawings at the right will be recognized as 
Arrhenius and Bunsen. These and several others were sketched from photographs 
by a chemistry student. 








CHEMISTRY, FROM THE TIME THE GRAIN LEAVES THE FIELD UNTIL IT Has BEEN 
DIGESTED IN THE HUMAN Bopy 


Candy and sandwiches for sale furnished the applied chemistry. 
One gets a glimpse of some of Battle Creek’s Food Products that ‘“‘breakfast the 


world.” 











“From Coat To CosMETICcS” MicHT MAKE AN APPROPRIATE TITLE TO THIS GROUP 

Considerable originality manifested itself in some of these charts. For example, 
(a) letters of the title for Dyzs spelled out with bottles of dyes, (6) DENTIFRICE 
spelled out with samples of tooth-paste tubes, (c) toothbrush made to operate up 
and down by motor, (d) working model of gas plant shows all products. 


ALCER HSI 


Two Hravy ScREENS PLACED AGAINST THE WALL OF THE GyM—A LONG TABLE 
ACROSS THE FRONT TO HoLpD APPARATUS—-SOME HEAVY PAPER PAINTED BLACK 
AND Presto! AN ALCHEMIST’S LABORATORY 
_ This attracted a great deal of attention and we are inclined to believe made a lasting 
impression upon students. Already this fall occasion has come in beginning chem- 

istry for reference to this booth. 











A WorKING MopEL OF THE BIRKELAND-EYDE METHOD OF PREPARING NItri¢ Acip 

AND ABOVE IT CHARTS PERTAINING TO NITROGEN AND PLANT Foop. AT THE RIGHT 

STORAGE BATTERIES AND EXPLANATORY CHARTS; ALSO A MINIATURE CELL BEING 
CHARGED 








CHEMISTRY CHARTS PLACED IN THE CLASSROOM ADD TO ITS CHEERFULNESS 

They furnish inspiration especially to students who are just starting the subject 
and who are wondering “What does chemistry deal with?” In this picture the 
subject of inert gases is receiving some attention, particularly neon. A student of 
the class is pointing to the “neon tube.” 
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each and an example of what could be done with these chemicals, such as 
“enough sulfur to rid a dog of fleas.” 

Splendid codperation was secured from all departments of the high 
school. For example, suitable mottoes dealing with science were lettered 
by the Art Department. The beaver board was cut to the proper size in 
the Manual Training Department. The lacquering was done by the 
Auto Mechanics Department, as they owned a spray gun. The Physics 
Department furnished one exhibition table. The high-school orchestra 
furnished us with music on both evenings on which the exhibit was open. 
The Printing Department printed our posters. 

At the conclusion of the exhibit, the best posters were hung up in our 
classrooms, where they will be used as teaching devices and to lend atmos- 
phere until a new set is made up, in perhaps two years. 

Some teachers may have questioned whether such an exhibit can be 
carried on in a course in high-school chemistry and still leave time to cover 
the necessary amount of subject matter. The best answer we have found 
to this question—which also caused us some concern—is that whereas 
our chemistry students have for several semesters made something better 
than a median score of 40 on Powers test, they succeeded in maintaining a 
median of 38 (test median 36) last spring when charts were made. 

While such a project involves a great deal of time on the teacher’s part, 
and is much harder work than going along in the usual routine, we believe 
that it plays a distinct part in the education of the class. Long after the 
remainder of their chemistry is forgotten the pupils will no doubt remember 
their part in this project, and the experience in codperation is certainly 
worth while. 
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THE CHEMISTRY BULLETIN BOARD 


Ra.pn E. DUNBAR AND ESTHER WALKER, DAKOTA WESLEYAN UNIVERSITY, Mircuetn, 
SoutH DaKoTA 


The bulletin board may be made an invaluable piece of equipment 
in the teaching of chemistry if a little time and thought are devoted to 
its use. The material posted should be pertinent to the units being studied, 
Nothing should be left up more than a week, and it would be well to leaye 
up some things of lesser significance only a day or so. This will aid in 
promoting a dynamic interest in the bulletin board on the part of the 
pupils. 

The instructor should not alone attempt to keep the board supplied 
with interesting material. In fact, the students should be encouraged to 
furnish the most of it. If the students contribute freely to the board 
a lively interest on the part of the entire class is much more certain to 
result. 

The laboratory and class work can be more closely related by placing on 
the bulletin board material which correlates the two. This requires fore- 
sight and some planning, but if the pupils are aided in seeing the relation 
between the experiments and the class work the effort expended is very 
much worth while. 

Many times it is difficult to think of a variety of things to post, and 
variety is essential to keep the board interesting. It is the purpose of 
this study not only to give suggestions as to the types and sources of the 
bulletin board, but also to give a list of the possibilities and the sources 
of material which are essential in making the bulletin board attractive and 
useful. 


The Board Itself 


The bulletin board for the chemistry department should be of generous 
proportions in order to accommodate charts or posters. Two and one- 
half by three feet may be satisfactory but a slightly larger size will be 
found to be more convenient. The board should be placed in a con- 
spicuous place where the students will see it as they enter or leave the 
classroom or laboratory. 

Suitable bulletin boards may be secured from any good school supply 
company.* 

* The following companies will be found to carry an unusually fine and complete 
assortment: 
Multiplex Display Fixture Co., 918 North Tenth Street, St. Louis, Mo. 
Art Metal Construction Co., Jamestown, N. Y. 
Kewaunee Manufacturing Co., 166 Lincoln St., Kewaunee, Wis. 
Remington-Rand Business Service, Inc., Remington-Rand Bldg., Buffalo, N. Y. 
E. H. Sheldon and Co., Muskegon, Mich. 
Weber Costello Co., Chicago Heights, Il. 
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If a ready-made bulletin board is not available, a home-made one may 
be substituted very conveniently. Some member of the class who is 
adept in the use of tools can easily construct a board of the desired specifica- 
tions. Or perhaps this piece of equipment can be made in the manual 
training department. A picture frame of plain design and suitable pro- 
portions may be used. A cork back is best but wallboard is also very 
good. Linoleum and soft wood afford other possibilities. Burlap may be 
used either alone or as a covering for some of the other materials. If 
used alone pins should be used in place of thumb tacks. Some textbooks 
(1) (pp. 147-55) offer other valuable suggestions and sources of bulletin 


boards. 
Material for the Chemistry Bulletin Board 


For student collection and preparation of material* for the chemistry 
bulletin board we offer the following suggestions: 


Magazine articles of scientific interest. 

Newspaper clippings of scientific interest. 

Slogans concerning the subject matter being studied. 

Placards of rhymes, quotations, or parodies pertaining to chemistry. 

Charts—valence, etc., planned and made by the students. 

Posters. Stone (2) offers some good suggestions. 

Exhibits. Although some are impracticable to use, others would 
provide interesting and usable material. 

Jokes pertaining to the chemistry work, either original or applied. 

9. Cartoons of scientific interest. 

10. “What Is Wrong?” pictures. These may be used for contest 

material, and may be original or may be copied from the 

JouRNAL OF CHEMICAL EpucaTION (3) and (4). 


NSP ot Ee wpe 


~ 


The following items suggest some of the material which the teacher may 


contribute: 
1. Clippings of a scientific nature. 
2. Poems from magazines which are unavailable to the students. 
3. Cartoons of scientific import. 
4. Pictures of famous chemists.** 
5. “What Is Wrong?’ suggestions. See references (3) and (4). 


Pr) 


Posters, charts, and exhibit suggestions. 
Free material, exhibits, charts, etc. See reference (35). 
8. Pictures from magazines and newspapers. 


~I 


* The Chemistry Leaflet and JouRNAL OF CHEMICAL EpUCATION contain a great 


variety of suitable material. 


** For sources see Woodring, Oakes, and Brown (1) or write the L. E. Knott Ap- 
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Insanity believed related to jellying of brain proteins. Bulbocapnin, a drug made 
from Corydalis, a flower related to the ‘‘bleeding-hearts’’ of old-fashioned gardens, and 
to the ‘‘Dutchman’s breeches’’ of the spring woods, will temporarily bring to conscious- 
ness a patient in the characteristic stupor of the mental disease catatonia, Dr. Wilder 
D. Bancroft, professor of physical chemistry at Cornell University, reported to the 
National Academy of Sciences recently in New Haven. 

Dr. Bancroft attributes this action of the drug to the fact that it has a coagulating 
effect on the brain proteins, thickening them in much the same way that an egg is jellied 
by heat. He discussed an observation made by Dr. Walter Freeman of St. Elizabeth's 
Hospital, Washington, D. C., that the drug bulbocapnin produces a cataleptic state in 
cats. Dr. Freeman identified this catalepsy as corresponding to dementia praecox 
catatonia in man. Dr. Bancroft disagrees, however. If this were so, he told the scien- 
tists, bulbocapnin should have a thinning effect on proteins. And it does not; it isa 
coagulating agent. 

So Dr. Bancroft holds that the bulbocapnin catalepsy in cats has nothing to do with 
catatonia, but corresponds to what is called a ‘“‘benign stupor.” 

A relation exists between the type of insanity from which a patient may suffer and 
the state of thinning or thickening of his brain proteins, Drs. H. Beckett Land and J. A. 
Paterson of Willard, N. Y., told the same meeting. The common mental disease schizo- 
phrenia exists where the brain proteins are over-thin. Manic-depressive and epileptic 
patients are in a coagulated state, they reported. 

Sodium amytal and sodium rhodanate, two drugs believed to have an effect on the 
chemistry of the brain, should be helpful for the physician making a diagnosis of mental 
disease. They may also supplement the present methods of treatment, although they 
will not replace them, the investigators said.— Science Service 
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AN EXPERIMENT ON A BIMOLECULAR REACTION FOR THE 
PHYSICAL CHEMISTRY LABORATORY 


CHARLES B. Hurp, UNION COLLEGE, SCHENECTADY, NEW YorRK 


A laboratory experiment upon a bimolecular reaction, the saponification of 
dhyl acetate, is described. The progress of the reaction is followed by determin- 
ing the change an the electrical conductivity of the mixture with time. A suit- 
able rate of reaction is secured by running the experiment in an electric re- 
frigerator. Some typical results are given. 


The laboratory work of the ordinary elementary course in physical 
chemistry will be found, in most cases, to include an experiment upon a 
bimolecular reaction. Various reactions will be found recommended in 
the manuals, and doubtless more are being used in the form of mimeographed 
outlines. The writer ventures to call attention to the following experiment, 
not because of its originality, but because we have found it useful and 
reliable. 

During the last eight years we have tried out in our laboratory work in 
physical chemistry at Union College a number of experiments on bi- 
molecular reactions. They have been selected from laboratory manuals or 
recommended by friends engaged in teaching. On the basis of results they 
have proved disappointing. The standard reaction used as a unimolecular 
reaction, the hydrolysis of cane sugar, has gone on producing results reliably 
but the bimolecular reactions have been unsatisfactory. 

Several years ago I decided to return to the saponification of ethyl acetate 
by sodium hydroxide, but to use the varying electrical conductivity of the 
mixture as a measure of the extent of the reaction rather than to titrate the 
unchanged base as is commonly done. There was nothing original in the 

idea. It has been mentioned a number of times.* 

Experiment soon showed the desirability of reducing the rate of reaction. 
This was easily accomplished by using an electric refrigerator, a General 
Electric household size. The temperature remains sufficiently constant, 
although the cell may be immersed in a beaker of water which, in the 
refrigerator, remains at a very constant temperature. We ordinarily place 
our cell at the bottom of the box, where the temperature is 3°C. 

The method of conducting the experiment is as follows. A 0.04 M 
solution of ethyl acetate is prepared by weighing the correct amount of 
<P. ethyl acetate, either in a weighing bottle or in a weight pipet. The 
molarity of an approximately 0.04 M solution of sodium hydroxide is 

determined by titration against a standard acid. The refrigerator should 
have been in operation for a day or more. The two solutions are placed in 
the refrigerator and preferably remain there over night. A clean dry 

* Walker has used this type of method in his study of the saponification of esters 

by alkalies, Proc. Roy. Soc., 78A, 157 (1906). 
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beaker and two clean dry pipets are also placed in the box. The condyc. 
tivity cell is placed in the box some time before use. Fine copper wires are 
led from the cell through the door, waxed paper being used over and under 
them for added protection where the door is closed on them. Best results 
have been obtained with a closed cell, such as the Washburn cell, Leeds and 
Northrup No. 4903 type B, although open cells such as the dipping type 
Leeds and Northrup No. 4917 have given good results. 

When the solutions have been thoroughly cooled, portions of each 
solution are measured into the beaker by means of the pipets and the soly- 
tions are thoroughly mixed in the beaker. This is best done in an assay 
beaker or beaker-flask. The time of mixing should be noted. The conduc. 
tivity ceil is then filled if of the Washburn type, or the dipping electrode js 
inserted into the beaker. Resistance readings are taken as rapidly as 
possible. The experiment from this point consists merely of a series of 
resistance-time readings. Best results are secured when the students pre- 
pare everything on one afternoon and mix the solutions the next morning. 
Readings are made in our laboratory using an ordinary radio telephone 
headset, a Leeds and Northrup Wheatstone Bridge No. 4760, and a source 
of approximately 1000-cycle alternating current. The latter is at some 
distance. It consists of an audio-frequency oscillating circuit using a 
UX-201-A vacuum tube, three large honeycomb coils for inductances, anda 
paper condenser adjustable in steps. To balance cell capacity an air 
condenser is used. Readings are taken as required until the resistance 
remains constant. To be certain of this our students make readings at 
intervals for from five to eight hours, and then at twenty-four and thirty-six 
or forty-eight hours. The latter will be found to agree. 

The progress of the reaction is measured directly by the change in 
conductivity. Data for a conductivity-time curve are plotted and a 
smooth curve is drawn. The points will be found to give an excellent 
curve. From several values on the curve, the specific reaction rate, k, is 
calculated. 

From the form of the equation 

1 b(a — x) 

(@— bt" ab — x) 

it is evident that a better solution will be obtained if a and d are not too 
nearly equal. Actually, of course, while the value of (a — 6) affects the 
absolute value of k, it will not affect the relative values of k for any one run. 

If it is desired to make the two concentrations equal, 7. ¢., a = b, which 
can easily be done by adjustment after standardization of the sodium 


ee 
hydroxide, the simpler formula may be used. Here k = tala — x) 


The following are the results of two runs carried out by different students 
on different days. As we have just mentioned, when the values of a and} 
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are nearly equal, the effect on the absolute value of k is considerable. 
The results in each run are in good agreement, however. 
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FicurE 1.—CoNnbvucTIVITY-TIME DATA FOR THE SAPONIFICATION OF EtHyL ACETATE 


TABLE I 
Values of k (Calculated) 


Run 1 a = 0.0220 (NaOH) 0} = 0.0200 (CH;COOC2Hs) 


k Percentage Change 
2.05 20 
2.05 40 
2.18 60 
2.19 80 
2.12 average 


Run 2 a = 0.0221 (NaOH) © b = 0.0200 (CHsCOOC:Hs) 


k Percentage Change 
1.95 20 
1.88 40 
1.74 60 
1.79 80 
1.84 average 


If, as has been suggested, the values of a and b are quite different, such as 
a = 2b, the results for k in two runs will show much better agreement than 
is shown between the results of Run 1 and Run 2. 
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The curves for Figure 1 were plotted from the conductivity-time data of 
Run 1. Three different values for abscissas are utilized in order to show 
the essential shape of the curve. The student should plot at least curve 
III and curve I. On curve III he can extrapolate to zero time, to obtain 
the initial conductivity (v = 0 when ¢ = 0). Curve I shows the shape of 
the whole curve, but is useless for an accurate extrapolation to zero time. 

The experiment may be varied by varying the temperature, two or more 
runs being made at different temperatures. These temperatures may be 
secured by a regulation of the refrigerator. A run may be carried out ing 
thermostat at 20 or 25°. The slower reaction, as obtained in the re. 
frigerator has given us very much better results, however, and in our 
laboratory course we do not carry out any determinations at room tempera- 
ture. 

It is also possible, of course, to increase greatly the concentration of one 
constituent, in order that its concentration shall remain essentially un- 
changed, giving a psuedo-unimolecular reaction. This can hardly be 
recommended for the ordinary laboratory course in physical chemistry. It 
would seem the wisest course, if such experiments are contemplated, to 
increase the concentration of the ester, because of the relatively large 
conductivity of the OH ion and the relatively small change in conductivity 
which would be produced were the concentration of the base greatly in- 
creased. The solubility of the ester limits the concentration of ethyl 
acetate in the mixture of the two solutions to something less than 0.5 
gram mol per liter. 


Flakes of ice. Pure water ice is now being produced commercially in the form 
of slightly curved flakes about the size and shape of pieces of peanut brittle. Because 
of the large surface per unit of weight and volume, heat abstraction is more rapid and 
more uniform than for cubical shapes. The slight curvature makes. it possible to store 
and handle large quantities with little tendency to freeze or regeal into a single mass, 
and if the temperature is properly maintained, the flakes can be kept free-flowing in- 
definitely. 

Although of relatively recent development, use of the flakes has already proved prac- 
tical in restaurants, drug stores, fish markets, dairies, homes, hospitals, and other places. 
Counter and window displays of food; meat, sea food, and vegetable packing; the manu- 
facture of ice cream; air conditioning; the cooling of water and other beverages; these 
are some of the ways in which the new form of ice has been found especially convenient. 

The flakes are manufactured by peeling a thin film of ice from a cylinder rotating in 
water. Heat is absorbed through the wall of the cylinder by a refrigerant circulating 
within, and the peeling is accomplished by flexing the cylinder at a point where the film 
has been built up to a suitable thickness. Not only water, but brine, fruit juices, and 
many chemicals can be similarly turned into flakes on equipment of the same type. 

In addition to supplying a means of cooling outside the refrigerator more satis- 
factorily than is possible in some cases with ice cubes or crushed ice, the new product 
offers the ice manufacturer an opportunity to build up new and profitable markets.— 
Ind, Bull., Arthur D. Little, Inc. 
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4 LABORATORY EXPERIMENT BASED ON THE FREUNDLICH 
SURFACE ACTIVITY EQUATION 


GrorGE W. BENNETT, GROVE City COLLEGE, GROVE City, PENNSYLVANIA 


The scarcity of simple quantitative experiments for students in colloid 
chemistry is noted, and an experiment of this character based on the Freundlich 
surface activity equation is devised. The constants in this equation are 
aaluated, their significance is found, and the limitations of this empirical 
expression are ascertained by the student as he performs the experiment. 


Laboratory instruction in colloid chemistry suffers from a paucity of 
simple experiments involving quantitative measurements. Such experi- 
ments, moreover, are needed to supplement the recent colloid chemistry 
textbooks which include a number of mathematical expressions. With this 
idea in mind a simple quantitative experiment based on the Freundlich 
surface activity equation has been devised, and is presented herewith in 
the hope that it may be of value to those who teach colloid chemistry. 

The Freundlich equation (1) states that the relative lowering of the 
surface tension of a liquid by a solute can be expressed by the empirical 
equation 

A» oe, ee Se. BCI 

Fsol. 

in which C is the concentration of the solute in mols per liter, and k and 
are constants. The left half of the equation is usually abbreviated by the 
use of the symbol A. Expressed logarithmically the equation takes the 
form 

log A = logk + 1/n log C 
It is commonly understood, and Freundlich so states, that this expression 
states the facts for only a limited range of concentrations, and fails at 
greater concentrations. This limitation and the tediousness of many 
surface tension measurements would seem to preclude the possibility of 
devising a suitable laboratory exercise based on this equation. Neverthe- 
less, at least some solutes give results that conform to this expression over 
a fairly wide range of concentrations; and the determination of the surface 
tension with the du Nuoy tensimeter is both rapid and simple. An expres- 
sion that ranks in importance with the adsorption isotherm can thus be 
examined experimentally by the student. 


Experimental 


Solutions of methanol, ethanol, propanol, acetone, or acetic acid in water 
are made up, and their concentrations determined by any suitable methods. 
Aqueous solutions of methanol and propanol can be made by careful 
volumetric measurement if the assumption is made that there is no appreci- 
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able volume change on mixing these materials; for aqueous solutions of § some 
ethyl alcohol such an assumption cannot be made, but the solutions must be conti 
analyzed—suitably by determination of the density and reference to § dete 
standard tables. The liquids used were standard laboratory materjals } 3 ct 
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which had been purified by the usual means, except that the methanol was 
acetone-free. 

The surface tensions were determined by the du Nuoy tensimeter, and, 
although we have not tried it, it is presumed that very good results could 
also be obtained by the simple tensimeter of Lloyd and Scarth (2). Since 
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some of the organic liquids used are quite volatile a wide low-walled 
container cannot be used to hold the sample when the surface tension is 
determined. In place of the usual watch glass a small straight-walled jar, 
3 em. by 5 cm. is used to hold the sample, and the platinum loop of the 
instrument is lowered by means of a hook 3 cm. long attached to the arm of 
thetensimeter. The tension in the wire is then increased until zero reading 
is obtained. The surface tensions of pure liquids determined in such a 
small vessel do not differ noticeably from those determined in a wider 
vessel. The platinum ring of the instrument and the sample container 
must, of course, be kept perfectly grease-free. 

For purposes of calculating and graphing the results we have used the 
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FIGURE 2 


scale readings of the tensimeter itself rather than its corresponding value in 
dynes. The values of A can be calculated with sufficient accuracy by 
means of the slide-rule. These values may then be plotted against the 
concentrations in mols per liter on log log paper as in Figure 2, and if it is 
desired, the surface tension may be plotted against concentration as in 
Figure 1. 

Typical results of experiments of this nature are shown in the table and 
in the two figures. In the table the concentration in mols per liter of the 
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constituent stated is given in the column marked C; in two cases the 
instrument readings are given in the columns marked “‘Scale Reading,” but 
these values were omitted in the other cases for brevity; the relative lower- 














TABLE 


Methanol Ethanol 
Scale Scale 
Cc Reading A G Reading A 
0.0 11:2 0.0 110.0 
0.498 104.0 0.069 0.433 99.0 0.111 
0.995 99.3 0.120 0.649 91.5 0.202 
1.991 93.0 0.194 1.036 89.0 0.236 
3.581 85.2 0.305 1.355 84.0 0.310 
4.978 78.2 0.420 1.652 80.0 0.375 
7.465 69.9 0.586 1.950 78.5 0.401 
9.954 62.8 0.769 2.832 70.5 0.560 
12.45 57.5 0.934 5.534 56.5 0.946 
14.93 52.8 1.014 7.063 50.5 1.178 
17.42 48.8 1.280 12.66 45.0 1.446 
n 1.23 n 1.27 
k 0.112 k 0.237 
Propanol Acetone Acelic Acid 
; A Cc A Ee / 
0.268 0.236 0.273 0.096 0.350 0.105 
0.536 0.420 0.546 0.200 0.670 0.149 
0.804 0.568 1.091 0.305 1.406 0.250 
1.072 0.700 1.914 0.468 2.104 0.322 
1.340 0.809 2.729 0.591 2.799 0.414 
1.742 0.982 4.093 0.785 3.508 0.448 
2.227 1.191 5.458 0.946 5.260 0.560 
2.680 1.321 6.823 1.253 7.015 0.671 
3.350 1.446 8.185 1.432 8.750 0.760 
5.360 1.528 
n 1.33 n 1.50 n 1.20 & 2.00 
k 0.638 k 0.306 k 0.195 & 0.252 


ing of the surface tension is given in the columns marked A. Values of n 
and & are also given for each solute. The value for ” in each case has been 
determined from the slope of the curves themselves rather than from the 
observed values of A, since values of 2 so calculated do not check well with 
each other. 

In Figure 1 the surface tensions expressed as scale readings on our tensi- 
meter are plotted against the concentration in mols per liter for the three 
alcohols, and for simplicity the curves for acetone and acetic acid are 
omitted. In Figure 2 the values for A are plotted against concentrations 
in mols per liter. In this figure the open circles mark the values for the 
alcohols; solid circles mark those for acetone, while the triangles indicate 
the values for acetic acid. 


Discussion 
The results illustrate very well that such divergent curves as those in 


Figure 1 can all be expressed by a single equation, and it is impressive to the 
student to see how these curves straighten out to give the corresponding 
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lines in Figure 2. In Figure 2 similarity of the slopes of all lines confirms 
the fact that ” is a constant of little specific character, although it should 
be observed that the curves for members of the homologous series are nearly 
parallel. The increasing values for k on the other hand indicate that in 
general the surface activity in an homologous series increases with the 
number of carbon atoms. 

In the case of acetic acid there is a sharp break point in the curve as 
shown in Figure 2. It is at this point that the Freundlich equation begins 
to fail. Similar behavior is shown.by the other liquids used when the 
concentrations are made too great, but this tendency has been indicated for 
acetic acid only. In like manner it is generally true that the first point in 
the table for each liquid does not fit the curve, and presumably we are 
dealing with the same phenomenon here. These disagreements with the 
equation serve admirably to emphasize its empirical nature. 

The amount of time to be spent on this experiment will be determined by 
the instructor. Excellent results can be had in a single afternoon if the 
student receives the solutions already analyzed, and if the results of several 
students, each working on a different system, are pooled. 


Literature Cited 


(1) FreuNpLIcH, ‘Colloid and Capillary Chemistry,” E. P. Dutton & Co., New York 


City, 1922, p. 63. 
(2) Lioyp AND ScarTH, Science, 64, 253 (1926). 


New gasoline process endangers sulfur industry. The new process of making 

gasoline by the hydrogenation of base petroleum products by which crude oil is made to 
yield more gasoline than is now economically obtained from it, may throw unintention- 
ally another industrial monkey wrench into the smooth-running works of another 
industry, R. S. McBride, chemical engineer, declared before the Washington Chemical 
Society. 
The new source of trouble lies in the fact that sulfur is an inevitable by-product of 
hydrogenation. If all the gasoline used in this country were obtained by hydrogenation, 
one-third as much sulfur as the United States now requires would be made, Mr. McBride 
said. It is expected that this surplus would be as welcome to the present producers of 
sulfur as the present wheat excess is to farmers of the west and northwest. 

How long it will be before the hydrogenation process is applied extensively enough 
to affect sulfur producers, Mr. McBride could not say. He did, however, point to the 
fact that during the past two or three years, since the first industrial application of hydro- 
genation, Germany has brought its production of gasoline by this process up to 15 per 
cent of all used in that country. At the present time there is only one hydrogenation 


plant in the United States. 
By the process of hydrogenation, hydrogen gas is passed over base _petroleum 


x 1 
useful petroleum products.—Science Service HRUPE i O 
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THE DETECTION OF STRONTIUM IN THE PRESENCE of 
CALCIUM 


A. W. AVENS, CORNELL UNIVERSITY, ITHACA, NEW YorK, AND M. J. Murray, Lyncp. 
BURG COLLEGE, LYNCHBURG, VIRGINIA 


The method for the detection of strontium, using saturated CaSO, solution, 
has been modified to decrease supersaturation and to increase the Sensitivity 
of the test. The effect of chromate on the precipitation of SrSO, is also dis. 
cussed. 

A method which is commonly used for the detection of strontium in the 
presence of calcium is to add to the solution containing these two ions some 
saturated CaSO, solution. The mixture is then warmed and allowed to 
stand for some time. The appearance of a turbidity is taken as an indica. 
tion of the presence of strontium. This procedure was employed by the 
writers with large laboratory sections for a number of years. It was 
found, however, that in the hands of students a test was not always ob- 
tained even when the quantity of strontium present was shown to be 
much in excess of the amount necessary for the precipitation of SrSO,. 

An investigation has proved that the test can be made appreciably 
more sensitive and much more reliable if carried out in the following 
manner. The test tube in which the test is being made is placed in a 
beaker of boiling water for ten minutes. From time to time the inside of 
the tube is scratched with a glass rod. This process not only breaks down 
supersaturation, but also yields a precipitate of SrSO, which is distinctly 
more visible because crystallization begins on the scratched portions of the 
tube. In this way it is much easier to observe than when the precipitate 
is scattered throughout the body of the liquid. 

A number of experiments were performed to determine the sensitivity 
of the test using the ordinary method and the modified procedure. 

The solutions to be tested were mixed in each case with equal volumes 
of saturated CaSO, solution. Solutions containing as high as 0.5 mg. of 
strontium per cc. were tested. In every case digestion produced precipi- 
tates which were decidedly more noticeable. When the solution con- 
taining 0.1 mg. of strontium per cc. of the original solution was treated 
by the new method, a very slight turbidity was obtained. By the ordinary 


TABLE I 
Comparison of Methods, Chromate Absent 
Mg. of Strontium 
per cc. of Solution Results 
to Be Tested Old Method . New Method 
0.5 Good test Very good test 
4 Slight turbidity Very good test 
2 Slight turbidity Good test 
a No test Very slight turbidity 
.05 No test No test 
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process the test was negative. When the quantity of strontium was 0.2 
mg. per cc. the test was very distinct by the new method but only a very 
ight turbidity was obtained by the old method. 

Further experiments showed that the presence of acetic acid in small 
amounts does not alter the sensitivity of the test, but that if chromates are 
present, SrSO, is more difficult to precipitate. Nevertheless, the modi- 
fied procedure was found to be very much better. If the solution to be 
tested contains K,CrO, and a little acetic acid, to prevent the precipita- 
tion of SrCrO,, the new method gives a good test when 0.2 mg. of strontium 
per cc. is present, but no test is given unless digestion is carried out. 
With 0.4 mg. per cc. the old method gave only a very slight turbidity while 
the new method gave a very good test. 


TABLE II 
Comparison of Methods, Chromate Present 
Composition of Solution to Be Tested Results 
mg. of mg. of mg. 0; 

Strontium per cc. KeCrO« HC2H30: Old Method New Method 
0.4 20 10 Very slight turbidity Very good test 
0.2 20 10 No test Good test 
0.1 20 10 No test No test 


This new method has been employed for more than a year with a large 
number of students in qualitative analysis and has been found to be highly 
satisfactory. In the hands of an inexperienced analyst, the difference in 
results obtained by the two methods is much more striking than even the 
above experiments would indicate. 


Auto of future to demand better lubricants. Automobiles will soon have such great 
speed and acceleration that special extreme-pressure lubricants not now available to 
the public will be needed to keep their transmission and differential gears from scoring 
and breaking down under the strain to which they will be put. 

This is the suggestion of H. C. Mougey and J. O. Almen, engineers of the General 
Motors Corporation, made recently before the American Petroleum Institute meeting 
in Chicago. They pointed out that even now the generally accepted theory of lubrica- 
tion does not hold for some parts of the automobile. 

It is widely thought that in lubrication a film of oil actually prevents rubbing sur- 
faces from coming together, the engineers said. But, they declared, this condition 
does not apply to highly loaded gears which make contact at fast rubbing speeds as in 
the transmission and differential of an automobile. Pressures between automobile 
gear teeth are often as great as 400,000 pounds per square inch while well-lubricated 
bearing loads rarely exceed 2000 pounds per square inch. 

“With these conditions prevailing it is not difficult to imagine that we are fast ap- 
proaching the limit of capacity of ordinary oils,” the engineers stated. ‘‘The fact that 
we are not now in difficulty can probably be attributed to the intermittent nature of 
the loading which permits time for temperature equalization between periods of load.””— 








THE DETERMINATION OF THE EQUIVALENT WEIGHT OF 
MAGNESIUM 


Victor E. REEF, STOWE TEACHERS’ COLLEGE, St. Louis, Missourr 


Some of the common beginning experiments on finding equivalent weights of 
metals are criticized. A method 1s suggested for improving the accuracy ang 
shortening the time of experiments in determining the equivalent weight of 
metals by displacement of hydrogen from hydrochloric acid. 


Most laboratory manuals give experiments for determining the 
equivalent weights of various metals. Most depend on the direct union of 
a metal with oxygen or the reaction of a metal with water or acid with the 
liberation of hydrogen for data to calculate the equivalent weight of the 
metal. Most of the methods I have seen are either very time-consuming 
or rather inaccurate. 

Burning magnesium ribbon and weighing the ash usually gives values for 

th: °o bining weight of magnesium that are too high, due to incomplete 
oxidation. The treatment of a weighed amount of zinc with acid and the 
collection and measurement of the hydrogen released furnishes a method 
for determining the equivalent weight of zinc. This method in my estima. 
tion takes too much time, as the zinc has to be weighed accurately for each 
student. Since such a small amount of zinc is required, each sample of 
zinc has to be weighed on an analytical balance and it is doubtful whether 
very many freshman chemistry laboratories possess sufficient analytical 
balances to prevent undue congestion of the students around them. This 
same difficulty is experienced in determining the equivalent weight of 
magnesium by finding the amount of oxygen it combines with on burning. 
The weighings of the students are more or less inaccurate, since these 
experiments usually are made near the beginning of the first-year chemistry 
course and the students’ laboratory technic is far from satisfactory at that 
time. The results obtained often differ so much from the theoretical that 
the student frequently is led to question the value of the experiment. The 
procedure of issuing the student gelatin capsules containing weighed 
quantities of the metal was tried but was found to be too time-consuming. 
Where the classes are large the assistant has to spend a considerable amount 
of time weighing the quantities of metal for the capsules and the student 
loses time in waiting for the capsule to dissolve. 

It was thought that the use of magnesium ribbon offered a means of 
eliminating numerous weighings. A long, clean piece of magnesium ribbon 
was weighed and measured and the student given a definite length of the 
ribbon. The piece of ribbon was inserted beneath a gas-measuring tube 
filled with dilute acid and inverted in a beaker of water. The bubbles of 
hydrogen, however, attached themselves to the piece of magnesium and 
caused it to float to the top of the tube. The concentration of the acid at 
524 
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the top of the gas-measuring tube was rapidly reduced and the action from 
then on was very slow. The amount of acid used was also comparatively 


large. 
The following method was finally decided upon and is very economical 


' from the standpoint of time and materials. The whole experiment includ- 


ing the time used in distributing the materials takes only about fifteen or 
twenty minutes. The apparatus required is shown in the diagram. The 
following are required: a 50-cc. gas-measuring tube, a 150-cc. beaker, a piece 
of glass tubing '/, inch outside diameter, about 3 or 4 cm. in length, and 
nearly closed at one endja piece of glass tubing about 4 or 5 inches in 
length with one end drawn out and bent into a slight hook, a short-stemmed 


funnel, a short piece of 
rubber tubing, and a buret 
clamp. 

Assemble the apparatus 
as shown in the diagram. 
Clean and weigh a strip of 
magnesium ribbon a meter 
or more in length. This is 
sufficiently long for the aoe af 
average class, as a strip 
three centimeters in length 
is enough for each student. F . 
Fill the gas-measuring tube 
with water. Place the 
index finger over the open 
end of the tube, invert 
it and remove the finger 
after placing the open end 
of the tube below the sur- 
face of the water con- 
tained in a 150-cc. beaker. 
This operation should be accomplished in such a manner that no air 
gets into the gas-measuring tube. The beaker may be set on a ring 
stand and the tube loosely clamped in a vertical position. Bend about 
/, em. of each end of the ribbon up at an angle of about 45° and slip 
the ribbon in the short piece of glass tubing that has been nearly sealed 
atone end. The small hole in the tube should be between one and two 
millimeters in diameter. Bending the ends of the ribbon up will cause it 
to exert a spring action and keep it from slipping out of the tube. Take 
forceps and insert the piece of glass tubing containing the metal, small end 
up, in the open end of the gas-measuring tube without allowing any air to 
enter. Add concentrated hydrochloric acid to the gas-measuring tube by 
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inserting the end of the bent tube connected to the funnel bearing the agi 
beneath the open end of the gas-measuring tube and allowing 5 ¢¢, ¢ 
concentrated hydrochloric acid to run into the gas-measuring tube. Th 
tube connected to the funnel should be filled with acid by opening the buret 
clamp sufficiently to fill the tube, before inserting it beneath the Bas. 
measuring tube; otherwise air bubbles will be driven into the §as-measuring 
tube. Remove the funnel and acid-bearing tube. The reaction process 
quite rapidly. If the action should stop, shake the gas-measuring tube ty 
bring fresh acid in contact with the metal. When all of the metal has bee, 
dissolved, place the finger over the open end of the tube and carry the tule 
to a tall cylinder or tank filled with water. Place the open end of the tuk 
below the surface of the water, remove the finger, adjust the height of th 
tube until the level of the water on the inside is the same as the level on the 
outside, and read the volume of the gas. Read the barometric pressur 
and room temperature. Calculate the volume of the gas under standarj 
conditions and, fromi this volume and the density of hydrogen (0.000080 
g./cc.), its weight. Calculate the equivalent weight of magnesium from 
the proportion: 


Weight of metal : Weight of hydrogen : : Equivalent weight of the metal : 1.008, 


This method was found to give very satisfactory results with aluminum 
wire as the metal. The action is fairly slow however unless the aluminum 
wire is twisted around a piece of copper or nichrome wire before heing 
inserted in the small piece of tubing. If a gas-measuring tube is not avail- 
able a buret may be used. The method will obviously prove quite satis 
factory for determining the equivalent weight of any reactive metal obtain- 
able in wire or ribbon form. 


Oxygen content in iron varies with temperature. How much oxygen can solid 
iron hold? This question was answered by N. A. Ziegler, of Pittsburgh, before the 
American Society for Steel Treating recently. 

Mr. Ziegler said iron can dissolve as much as one-tenth of one per cent of its weight 
in oxygen when heated to 1000 degrees Centigrade, and will keep this gas in solution 
when cooled. 

The influence of dissolved oxygen on the physical and mechanical properties of ira 
and its alloys is so important, according to Mr. Ziegler, that research work on the 
amounts of oxygen that iron can dissolve is being carried out continuously both here 
and abroad. 

Mr. Ziegler’s experiments show that above 900 degrees Centigrade the solubility of 
oxygen in iron is appreciable and increases rapidly up to the 1000-degree mark. Iron 
an eighth of an inch thick can become saturated with oxygen in half an hour, the oxyget 
penetrating the metal uniformly. Iron an inch and a half thick will dissolve its ful 
quota of oxygen in two hours, Mr. Ziegler found. 

The experiments also revealed that if iron contains much carbon it will dissolve les 
oxygen at all temperatures.— Science Service 
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MODIFIED TECHNIC FOR FIRST-GROUP SEPARATION. RE- 
MOVAL OF LARGE AMOUNTS OF MERCUROUS CHLORIDE BY 
SUBLIMATION 


EUGENE W. BLANK, ALLENTOWN, PENNSYLVANIA 


In the usual methods applied to the analysis of the first-group precipitate 
small amounts of lead cannot be extracted if large amounts of mercurous 
chloride are present owing to the occlusion of the lead by the latter. Like- 
wise when the quantity of mercury is large and that of silver relatively 
small, ammonium hydroxide may fail to extract silver chloride owing to the 
fact that the latter is reduced by the liberated mercury to the metallic 
state (1), (2), (3). In such cases special procedures must be resorted to. 
Schoorl (4), working with micro quantities, advocated removing the 
interfering mercurous chloride by sublimation. The disadvantages in- 
herent in a separation by sublimation have been overcome by several 
modifications in procedure described in this paper. 

To a small portion of the washed precipitate containing the chlorides 
of silver, mercurous mercury and lead add several drops of ammonium 
hydroxide. If large amounts of mercury are indicated by the intensity 
of color of the black residue place the remaining precipitate in a small 
evaporating dish on a sand-bath. Cover the dish with a glass funnel and 
mount a thermometer in the sand. 

The sand-bath is heated gently at first to dry the precipitate. The 
temperature is then slowly raised to 360°C. over a period of ten to twenty 
minutes depending upon the volume of sublimate evolved. Silver chlo- 
tide (m. p. 455°C.) and lead chloride (m. p. 500°C.) remain unchanged by 
this treatment. 

Allow the apparatus to cool and analyze the residue in the evaporating 
dish by the usual procedure (1), (2), (3), with one modification. It is 
advisable to extract the lead with hot dilute hydrochloric acid instead of 
hot water in order to get the lead into solution. This is necessary since 
part of the lead chloride may have been converted into oxide or basic 
chloride by the heat treatment. The sublimate may be identified by the 
general tests applicable to mercurous mercury. 
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AN AUTOMATIC ALARM FOR USE IN GAS ABSORPTION 


THomas H. VAUGHN, UNIVERSITY OF NoTRE DaME, NOTRE Dame, INDIANA 


In carrying out reactions in which a gas is passed into a reaction chamber 
and absorbed, one of two systems is usually used. Either the gas is con- 
tained in a gasometer and the reaction conducted in a closed system or an 
excess of gas is run into the reaction chamber and the surplus discharged, 

In many cases neither of these systems is satisfactory. A gasometer 
is a bulky piece of apparatus and requires close attention during filling, 
Moreover, the gas from a gasometer is contaminated with vapors of the 
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confining liquid used and these vapors are sometimes very difficult to 
remove. When an excess of gas is used a considerable amount of the gas 
is lost. If volatile substances are produced by the reaction these are also 
carried out by the gas stream and the yield thereby diminished. 

The apparatus to be described was designed to provide the advantages 
of the closed absorption system without the disadvantages attending 
the use of a gasometer. 

The construction of the device is apparent from the accompanying 
diagram. It consists of a heavy rubber toy balloon slipped over a rubber 
stopper. Two glass bends and a U-tube of the design shown, are in- 
528 
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serted through the stopper. One of the glass bends is fitted with a short 
length of rubber tubing and a pinch cock. The U-tube is partly filled 
with mercury and two insulated copper wires inserted through the open 
end. One of the wires is pushed a centimeter or so beneath the surface 
of the mercury and fastened in position. The other wire is adjustable. 
These wires are connected to a dry cell and bell as indicated. 

The apparatus may be assembled in a number of ways. For ease of 
portability, the bell, U-tube, etc., are fastened to the dry cell by means of 
adhesive tape. 

To use the apparatus, it is connected to the outlet of the reaction vessel 
and the adjustable contact set for the upper limit of pressure at which the 
reaction is to be run. After sweeping the air out of the system through 
A with a stream of the gas being used, A is closed and the balloon partly 
inflated. The gas flow is then adjusted as nearly as possible to the rate of 
absorption. From this point on, the apparatus requires but little attention. 
By merely glancing at the balloon from time to time one can tell approxi- 
mately how the absorption is progressing and can modify the gas flow as 
indicated. If the balloon is increasing in size the flow of gas should be 
diminished and vice versa. The apparatus may be left without shutting off 
the gas supply, for if the pressure increases above the predetermined value 
the mercury manometer closes the bell circuit and sounds an alarm. 
When this happens the pressure can be released by opening A and cutting 
down the gas flow. Should the warning be ignored the excess gas bubbles 
through the mercury, which automatically regulates the pressure. 

By sealing a wire into the U-tube at B, the bell may be made to sound 
when the pressure in the apparatus drops below a certain level. By the 
use of this extta contact the pressure may be kept within definite limits. 

A greater sensitiveness to pressure changes may be obtained by con- 
structing the U-tube of glass tubing of small diameter and dispensing with 
the widened open side. Such a tube possesses the disadvantage, however, 
of being easily emptied of mercury in case of a sudden rise in pressure. 
This difficulty may be overcome by using two U-tubes, one of narrow con- 
struction for the bell circuit and the other, of the design shown in the 
diagram, to act as a relief valve. 

The alarm device can also be used in a number of places where a safety 
bottle is usually inserted. Thus in the preparation of ethylene dibromide 
by the bromination of ethylene the device may be connected by means of a 
T-tube to the ethylene line and will give an alarm should any part of the 
apparatus become clogged. 

This apparatus has been successfully used in several acetylene reactions. 
In the synthesis of acetals from alcohols and acetylene, where traces of 
water vapor from the gasometers commonly used prove disastrous, the 
device has been of great value. 











CONTRIBUTION OF HIGH-SCHOOL CHEMISTRY TOWARD 
SUCCESS IN THE COLLEGE CHEMISTRY COURSE* 


L. E. STrerner, OBERLIN COLLEGE, OBERLIN, OHIO 


A comparison is made between the records of the first-year chemistry students 
of Oberlin College who had one unit of high-school chemistry and of those 
who had none, with respect both to their success in the chemistry courses and 
to the probability of their continuing the study of chemistry. 


The question of the value of secondary-school chemistry for the students 
who continue with college chemistry is one which is frequently discussed, 
Some college teachers have gone so far as to suggest that those students 
who have not had high-school chemistry will prove more successful in their 
college chemistry courses. Several articles with statistics have appeared 
in the JOURNAL OF CHEMICAL EpucaTION on this question. For example, 
Buehler (1) finds for University of Tennessee students that where one 
course is given for all first-year students, students with high-school chemis. 
try make a better record during the first part of the work but that those 
with no high-school chemistry excel during the latter part of the course. 
On the other hand, Garard and Gates (2) at the New Jersey College for 
Women found, over a five-year period, that students with high-school 
chemistry made a better first-year record than those without. Hines (3) 
at Northwestern University reported that where a separate first-year course 
is offered for students who had high-school chemistry, the first-year course 
record with respect to the percentage of students who passed was approxi- 
mately the same for the two groups, but that those who had high-school 
chemistry made slightly better grades in the advanced work and were much 
more likely to take the advanced chemistry courses. Herrmann (4) at 
Marquette University, where one first-year course is given, found that 
students with high-school chemistry were more likely to make good grades 
than those without. 

For our own information we made a study of the chemistry students of 
Oberlin College, comparing the students who offered one or more units of 
high-school chemistry, hereafter designated as Group I, and the students 
without previous training in chemistry, designated as Group II, with 
respect to: 


1. The grades made in our first-year course. 

2. The percentage and the quality of first-year students who continue 
in our advanced chemistry courses. 

3. The grades made in the advanced courses. 


* Presented before the Division of Chemical Education of the A. C. S. at the Buffalo 
meeting, August 31-September 4, 1931. 


530 





Th 
offer: 
rator 
of tk 
maje 
adva 
cons 
the ¢ 


cot 
fac 
by 
ha 


tai 
th 





TARD 


udents 
f those 
eS and 


1dents 
ussed, 
dents 
| their 
eared 
mple, 
> one 
emis- 
those 


e for 
‘hool 


urse 
urse 
Oxi- 
1001 
uch 
) at 
hat 
des 


ye 


Vou. 9, No.3 CONTRIBUTION OF HIGH-SCHOOL CHEMISTRY 


General Conditions 


There is in Oberlin College only one first-year chemistry course,* which 
offers four hours credit for three classroom hours and two two-hour labo- 
ratory periods. It is elected by students as a cultural course in fulfilment 
of the college science requirement as well as by prospective chemistry 
majors. Approximately 55% of the students are freshmen.. The regular 
advanced chemistry courses offered are the second-year course, which 
consists of quantitative analysis with a physical-chemical interpretation, 
the organic chemistry course for the third year, and the physical chemistry 
course for the fourth year. It was not necessary to study other courses 
in the department since the above courses are required of all majors 
in chemistry, and include all the students under consideration. 

The college has a restricted enrolment, and a group of students selected 
on the basis of their promise for doing satisfactory college grade work. 
The percentage of failures is, therefore, somewhat less than occurs in some 
chemistry departments. One of the entrance requirements is a unit of a 
laboratory science; the great majority of our first-year students who do not 
present high-school chemistry have had high-school physics, although a few 
enter with a science deficiency, offering no satisfactory unit in science. 
Approximately 55% of our first-year students offer a unit of high-school 
chemistry. 

Data were collected for the five-year period 1926-31, but those given 
below are for the four-year period 1926-30. The fifth year is omitted from 
the summaries in part because of a change in the grading system of the 
college and in part because we desired to investigate the advanced work of 
our students. (The first-year class of 1930-31 has not yet done any ad- 
vanced work.) Strictly speaking, the advanced work of our students 
cannot be compiled until the students have completed the fourth year 
course (7. ¢., not until 1934), but the consistency of our results and the 

fact that the relative standing between Groups I and II will be unaffected 
by the data still unassembled, leads us to believe that the advantage of 
having data on our present student body outweighs any possible dis- 
advantage from incomplete data. Furthermore, the results so far ob- 
tained for the year 1930-31 are in entire agreement with our results for 
the four-year period. 

For the period considered there were eight passing grades and one 
failing grade.** Since it is desirable to have numerical equivalents for use 
in obtaining averages, we arbitrarily selected numerical equivalents for the 
literal grades as given in Table I. 











* Because of restrictions imposed by lack of space and by the college schedule, 
it has hitherto been possible to have only one first-year course. 
** In practice the department of chemistry did not give an E or conditional grade. 
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TABLE I Students who repeated the 

Grades, and the Arbitrary Numerical Equivalents first semester of the first-year 
Used in Averaging course after failure were 

A+ = 97 C+ =77 omitted from further op. 

A = 92 Cc =72 sideration for obviously any 

; if e “ i - effect from having or not 

F = 52 having had high-school chem- 


On the above scale 60 is passing. 


istry is outweighed by the 


fact that the student is re. 
peating essentially what he once failed to get. 


Grades in the First-Year Course 


For the purpose of comparison, Figure 1, which indicates the grade 
distribution for the four-year period, is given. In this and in the two 
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FIGURE 1.—First-YEAR CHEMISTRY GRADE 
DISTRIBUTION 
Both first-semester and second-semester grades for 
the four-year period, 1926-30. The graph shows the 
percentage of students obtaining each grade. 


following figures, grades are 
plotted as abscissas against 
the percentage of a group 
making each grade as ordi- 
nates. Figure 2 shows the 
first-semester grades for this 
period, the heavy line repre- 
senting the grade curve for 
Group I (those who had 
high-school chemistry), and 
the dotted line that for 
Group II (those who did 
not have high-school chem- 
istry). It will be noted 
that a student in Group | 
has a much better chance 
of receiving an A or B and 
a much poorer chance of a 
D or F than a corresponding 
student in Group II. The 
relative areas under the 
curves indicate the differ- 
ence. The corresponding 
data for the second semester 
are given in Figure 3. Al- 
though the difference be- 
tween the two groups has 


been reduced in the second semester it is still apparent, in spite of the 


much heavier loss through failure in Group II at the end of the first semester. 
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TABLE II 
First-Year Course Records for the Four-Year Period 1926-30 


Shrinkage 
Due to 
Failures 
and With- 


No. of 
drawals 


Grades 
Ist 2nd 
Sem. Sem. 
328 287 
276 =—.2138 


500 


41 
63 


104 


Group I* 
Group II** 


Total 604 


* Had high-school chemistry. 





Average 
Grade 


Ist 


Sem. 
76.8 
69.2 


73.4 


2nd 
Sem 


77.4 
74.5 





76.2 


** Did not have high-school chemistry. 


The data for the fifth year 
(1930-31), omitted from 
the figures, are in entire 
agreement with the above 
results. 

Table I] shows the com- 
parison on the basis of 
averages calculated from 
the data in Table I. For 
the first semester, Group 
I stands 7.6 points above 
Group II. For the second 
semester the difference be- 
comes less and the average 
grade becomes higher due, 
for the most part, to few 
failures. 


20 


_ 
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Per Cent. 
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Enrolment in Advanced 
Courses 


More striking than the 0 
difference in grades made 
by the two groups is the 
difference in the percentage 
of students who continue in 
advanced courses. Based 
on the number of students 
in the second semester, the 
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% of Students 
Who Take Ad- 
vanced Courses 
Based on En- 
rolment of 
Ist 2nd 
Sem. Sem. 


35% 40% 
12% 15% 








24% 30% 
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Average First- 
Year Grade 
of Students 

Who Continue 
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81.6 81.4 
78.0 81.4 
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FIGURE 2.—First-YEAR CHEMISTRY GRADE 
DISTRIBUTION 


First-semester grades for the four year period, 1926-30. 
The solid line, for students with high-school chemistry 
(Group I), shows the percentage of the group obtain- 
ing each grade; the dotted line, for students without 
high-school chemistry, (Group II), indicates the cor- 
responding data for this group. 


percentages are 40% for Group I and 15% for Group II (Table II). While 


these percentages are not complete since some of the students under 
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consideration have only completed the sophomore year and may therefore 
elect chemistry courses during their last two years, the difference is suf. 
ficiently great to be significant. Table II indicates that those students of 
Group I who continued did equally well in both semesters of the first-year 
course. The corresponding students for Group II did somewhat poorer 
work during the first semester (though still strikingly better work than the 
eines average of their group) but 
A+ AB ope cb DF equaled the work of Group 
I for the second semester. 
The second-semester aver- 
age of the students who 
took advanced courses for 
both groups was 81.4, 
This indicates that the 
distribution of these groups 
cy etl among the various grades 
ee is very similar, as can be 
seen in Table III, Part B, 
or in Figure 3. (This dis- 
tribution is indicated by 
the crosses and squares.) 
Sixty per cent. of the stu- 
dents in each group who 
continue made A’s or B’s 
5 Sree a during the second semester 
{ of their first year. (Table 
a ae a IV-B.) 
x In Table III may be 


a 8 : 
m= Pier meee noted the relation between 
em the relative number of stu- 
Second-semester grades for the four-year period, dents who continue in 
1926-30. The solid line, for students with high- . 
school chemistry (Group I), shows the percentage chemistry and the second 
of the group obtaining each grade; the crosses semester grades they re- 
represent the percentage of the group obtaining ceived Thus (Part A) 
each grade and continuing in advanced chemistry : : 
courses. The dotted mae ne the squaresindicate 657% of the students in 
the corresponding data for the students without H 
high-school chemistry (Group II). Group I who received B+ 
took further chemistry 


courses, and but 43% of those in Group II who received B+ continued. 
The corresponding values for the C grade are 41% and 12%, respectively. 
The same data recalculated as in Part B, Table II1, may indicate the 
relationship more clearly. Of the Group J, second-semester students, 40% 
continued in chemistry; 5.6% got A and continued; 10.8% got B+ and 
continued; 7.3% got B and continued, etc. Of Group II, 15.4% continued: 
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TABLE II 


A. Percentage of first-year students making any second-semester grade who take 
advanced courses. 





P A’s who continue, Group I ) 
€.£., 


No. of A’s given to Group I 


_ Percentage of each group in the first-year class taking advanced courses, distributed 
among the various grades (first-year, second-semester) 


(« : A’s who continue, Group I ) 





No. of grades given to Group I 


A* B+ B C+ Cc D+ D Total 
A. GroupI** 59% 65% 46% 38% 41% 6% 13% 
Group IIf 50 43 20 11 12 3 5 
B. Group I 5.6 10.8 7.3 7.3 7.3 0.7 1 40% 
Group II 2.3 4.7 2.3 2.3 2.8 0.5 0.5 15.4 





* A-+’s are included with the A’s. 
** Had high-school chemistry. 
_t Did not have high-school chemistry. 


2.3% got A and continued; 4.7% got B+ and continued; 2.3% got B 
and continued, etc. It is significant that the grade distribution of the con- 
tinuing students in both groups is similar in spite of difference in the pro- 
portion of the students in the two groups who continue. 


Grades in Advanced Courses 


Just as the record of the number who continue in the advanced courses is 
incomplete, so also the average grades made in these courses is only partial. 
There is no reason to believe, however, that the tendencies clearly indicated 
by the data would be reversed by a slight change in the number of students 
considered in the second-year and organic chemistry courses. Table 4 
shows the average grade for the students considered in the second-, third, 
and fourth-year courses, as well as a recapitulation of their first-year grades. 


TABLE IV 
Partial Record for Advanced Courses 


A. Average grades made by students who take advanced courses. 
B. Percentage of these students making a grade of B, or better. 
Third-Year Fourth-Year 


First-Year Course Course Course 
Ist 2nd Second-Year Organic Physical 
Sem. Sem, Course Chemistry Chemistry 
A. Group I* 81.6% 81.4% 78.2% 76.8% 81.4% 
Group II** 78.0 81.4 79.4 78.1 86.5 
B. Group I 66 59 49 37 65 
Group II 42 61 50 49 100 





* Had high-school chemistry. 
** Did not have high-school chemistry. 
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As a check it also gives the ratio of A’s and B’s to the total number of 
grades given to these students. In the second-year course there is little 
to choose between the two groups, but in the organic and physical chemistry 
courses the record for Group II appears distinctly better. We do not ven. 
ture to assert that a real difference in quality of work is proved, but the 
assumption that such a difference exists is entirely within the evidence. 
It seems reasonable to assume that since a smaller proportion of Group 
II continue, selection with respect to their ability to develop satisfactorily 
in the study of chemistry is more rigorous. Many students of Group | 
come to college with the intention of majoring in chemistry, even though 
they may not be especially qualified for the pursuit of scientific studies, 
Such students in Group II do not ordinarily proceed beyond the first-year 
course, because of their unsatisfactory grades. 


Summary 
The data assembled indicate that for our courses: 


(1) Students who had high-school chemistry stand a better chance of 
making good grades in the first-year course than students without 
such preparation. 

(2) Students who had high-school chemistry are approximately three 
times as likely to continue as students who have not. 

(3) The students in Group II who continue appear to be somewhat more 
highly selected than those in Group I. Their higher grades in the 
advanced courses are consistent with this interpretation. 


Interpretations 


The great difference in grades made during the first year by students in 
Group I and those in Group II may be due: 


(1) to a selective réle played by the high-school course which tends to 
attract scientifically inclined students; 
(2) to the preparation given by the course itself. 


In our opinion both factors are important, the second perhaps deserving 
more weight. Students who had no high-school laboratory science course 
find our course especially difficult, for it represents a subject matter and a 
way of thinking with which they have had no experience. But our results 
show that students who have had high-school physics, and not chemistry, 
do not doso well in the first-year course as those who had the chemistry. 
The high-school course does something other than to indicate a ‘“‘scientific 
method.’ Whether or not it does that, it does introduce the student toa 
new vocabulary and to new concepts. It is just these new and strange 
ideas which are so difficult because so unreal to some of the students 
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without any previous course in chemistry. The actual knowledge of 
facts retained from high-school chemistry is small, and the knowledge of 
principles still smaller, but the words and ideas have a familiar sound to the 
student. 

Some of our best students have been those who have not had high-school 
chemistry. Jt may be true that they are excellent students, partly be- 
cause they did not start with a partial knowledge of chemistry in high- 
school. Our data give us no information on this point. They do clearly 
indicate, however, that for the average student high-school chemistry is 
of great help in getting started in college chemistry. However, there are 
always students in Group I, even from our selected students, who fail in 
college chemistry because they are not mentally equipped to deal with 
the fundamental principles as taught in the college course. 

The percentage of students making various grades who continue, as 
listed in Table III, indicates that students who have had high-school chemis- 
try may have resolved to go on in chemistry, and do take advanced courses 
in spite of grades as low as C. The percentage of students of Group II who 
continue is smaller for all grades, and become relatively less for grades 
below B. 

We find, therefore, that high-school chemistry does play a significant part 
in the development of our chemistry students. 
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Electric currents in long pipe lines do not corrode. Stray electric currents from 
street car tracks may travel along nearby pipe lines and hasten their corrosion, but the 
currents which follow long oil and gas pipe-lines for miles and miles do not speed up rust- 
ing and leaking. This is the conclusion of Stanley Gill and W. F. Rogers, research engi- 
neers with the Gulf Oil Companies, following a study reported in the scientific journal, 
Physics. 

It is well known that currents from electric railways often jump to nearby pipe 
lines and rapidly destroy the pipe. But the currents Mr. Gill and Mr. Rogers studied 
are found in pipe lines far from electric railways or other sources of stray currents and 
frequently follow the pipe for miles without getting larger or smaller. They called 
these “‘long-line currents.” 

The experiments which show that these currents are a negligible cause of corrosion 
also indicate that they originate in the action of soil on the pipe, it was reported.— Science 
Service 











THE CHEMISTRY TEACHER AND SERVICE COURSES IN THE 
LAND-GRANT COLLEGE* 

































R. E. Kirk, Montana STATE COLLEGE, BOZEMAN, MONTANA 2 
The Land-Grant College Survey proposes an experimental study of “the B 
different effects upon subsequent student work of teaching certain sciences in the cha 
” College of Agriculture and in other basic science divisions.’ Similar queries er 
are voiced or implied in the sections on engineering and on home economics, wel 
{ The problem of the “‘service’’ courses is one that is often discussed in public by of 1 
deans and directors, but seldom by the teachers who have to teach the classes, f 
The problem is not so different in the several land-grant institutions as the 4s 
" authors of the survey seem to imply. It ts largely a matter of objectives in . 
education. If the leaders of the technological divisions will clarify their 
objectives, the task of the chemistry teacher will be much simplified. This will pr 
demand serious attention to the guidance, selection, and retention of the students eft 
of these divisions. It will also require a realignment of curricula on a func- - 
tional rather than a subject-matter basis. : 
Although the handicraft objective is disclaimed by all Divisions of Home 
Economics and the preparation of farmers is no longer classed as a major : 
objective by Colleges of Agriculture, the practices derived from these antiquated | 
conceptions survive. Too often academic standing is sought for courses 
; persisting from the days when these objectives were recognized by specifying 
chemistry courses as a prerequisite when neither the students nor teachers use the 
chemistry in the courses. New and scientific content in the specialized courses 
in agriculture and home economics will make such demands on the prerequisite 
courses in chemistry that mere descriptive chemistry will never survive. If 
handicraft courses are to persist in agriculture and home economics, there should 
be frank recognition of the fact that chemistry is not a prerequisite thereto. 
In the ‘Proceedings of the Association of Land-Grant Colleges and 
Universities” one often finds reference to ‘‘service courses.” The problems 
involved in the utilization of the basic sciences (for example) in the profes- b 
sional training of workers in the fields of agriculture, home economics, and . 
engineering seem to have been rather adequately discussed by the deans, . 
directors, and presidents who frequent the meetings of this association. It . 
is, however, not easy to find published articles on this subject written by the ‘ 
teachers of ‘‘service courses.” Nevertheless, one often hears the question : 
discussed in the lobby or over the luncheon table at the meetings of the 
American Chemical Society. It may perhaps serve a useful purpose to 









bring the subject to the floor of the meeting of the Division of Chemical 
Education. 







* Presented before the Division of Chemical Education of the A. C. S. at the Buffalo 
meeting, August 31—-September 4, 1931. 
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The troubles of the instructor in such courses are hinted at by Osborn (1) 
and by Brill (2), as well as by Webster (3). 

Excellent advice concerning the choice of subject matter designed to 
challenge the attention of the student of agriculture without making the 
course one of ‘‘skim milk’’ has been published by Gortner (4). The same 
well-known scientist has also discussed the topic of chemistry for students 
of home economics (5). j 

An article by Kirk and Heisig (5a) describes an attempt to adapt to the 
professional interest of engineering students the typical first-year university 
course in chemistry. 

The recent survey of Land-Grant Colleges and Universities (6) now pro- 
poses, in its section on agriculture, an experimental study of “the different 
effects upon subsequent student work of teaching certain sciences in the 
College of Agriculture and in other basic science divisions.” 

On page 766 of this same report (6), one finds the following sentences: 


When, for instance, agricultural chemistry is given by the college 
of agriculture, it is entirely likely that the teaching staff is selected 
partly on the basis of its appreciation and understanding of the rela- 
tions between so-called pure chemistry and chemistry applied to 
agriculture and that these relations are made more clear in the class- 
room and laboratory than if the subject is given in a department of 
chemistry in which the purpose may be to develop chemists and 
chemical engineers. On the other hand, when chemistry is taught in 
the agricultural division it may be that the broader aspects of the sub- 
ject are not sufficiently emphasized and that the relation of agri- 
cultural chemistry to industry is not brought out as clearly as when 
taught in a division that serves students in a number of allied fields. 
Careful detailed study should be made upon a comparative basis in 
order to determine the facts with reference to these matters and the 
effects of different practices upon the subsequent work of students. 


There is, I believe, no tendency on the part of any chemistry teacher to 
belittle the rédle that is being placed by applied science. One of the tri- 
umphs of pure science is the impetus it has given to invention and industry. 
One is, however, inclined to question the implied assumption that one 
trained in any applied field can with certainty select the subject matter 
needed for the training in pure science of the entrants to that field. 

The Land-Grant Survey (6) describes the way in which conferences about 
“service courses” are usually held. Let us, however, inspect some of the 
accusations that are commonly leveled against the ‘‘service courses” in 
chemistry. 

The first one always is, ‘‘you teach them all to be chemists.” In most 
cases this means that the professor or dean voicing this protest has found 
out that certain items of subject matter presented were not included when 
he studied a similar course as an undergraduate! 
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A professor who has earned a well-deserved reputation in some highly 
specialized field of agriculture or engineering is apt to think that his own 
success has proved that his undergraduate training was the best possible and 
that present undergraduate curricula should be fashioned in exactly the 
same way. Herather resents the assurance from the chemistry teacher that 
a study of ions and ionic reactions is fundamental to the training of students 
in agriculture or engineering. He has designed bridges or carried out 
variety test experiments without any information about hydrogen ions, 
Surely such “impractical’’ things are not needed by any one but a chemist! 
One finds, at times, deans or professors of home economics who have 
achieved their posts by virtue of reputations made in extension work or 
vocational education on the secondary level, who question the selection of 
structural organic chemistry as a prerequisite to the study of carbohydrates 
or proteins. These good ladies have achieved their present posts without 
studying the aldehydic function; therefore it can have no significance in 
training the home economic specialists of tomorrow. 

One often hears, in connection with the charge just cited, the general 
admonition, “teach only those parts of chemistry that will be used.”’ But 
what is often overlooked is that the use is not that of today but of tomorrow. 
It seems rather likely that the applied work of tomorrow will be built on 
the pure science of today. The subject matter that was adequate in the 
training of the worker of today is not adequate to train the worker of to- 
morrow. This is as true in the pure lines as in the applied ones. 

Many of us remember the ‘‘corn shows’”’ of yesterday—they are said to 
persist in some states yet—their abandonment was forced only when their 
uselessness was overwhelmingly established. ‘‘Pure line’ breeding, a 
product of science, has rendered them obsolete. 

It seems likely that, in like fashion, the chemical aspects of the agricul- 
ture, the engineering and the home economics of tomorrow will require 
much more of scientific fundamentals than is the case today. The “service 
courses”’ in chemistry must not then be based on the applied fields as they 
have existed in the past. These courses must supply the entrants into 
these professional fields of applied science with the basic methods for 
thorough study. They must prepare people who are increasingly better 
qualified to push forward the boundaries of knowledge in these fields. By 
this method will the desired cross-fertilization of knowledge reach these 
newer fields of knowledge. 

One admits at the same time the great desirability of enlisting the 
professional aspiration and zeal of the student in the manner so well de- 
scribed by Gortner (4). The writer very much favors the organization, 
wherever the size of the group will warrant it, of separate sections for 
those students of different and definite professional aspirations. He does, 
however, deplore and condemn the tendency to expect these to be ‘‘one- 
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syllable” courses or “‘farmers’-institute’”’ courses. The young people in the 
jand-grant colleges and universities are capable of handling and deserve to 
be given the very best scientific instruction available. I wish to quote 
Dean Metcalf of North Carolina (7)— 


Teachers of science in agricultural colleges should be cognizant of 
the fact that they should correlate their science with agriculture. For 
fear some of you get the wrong slant on my objective, I hasten to assure 
you that I do not mean that they should teach agricultural botany, 
agricultural chemistry, agricultural mathematics, agricultural physics 
or agricultural zodlogy. These are hybrids. The only hybrid I ever 
had any dealings with was a Missouri mule. I am afraid of hybrids. 
I want my sciences to be just as scientific as any science can be. But 
sciences are composed of a number of things, some of which are funda- 
mental to agriculture and some of which are not. Science teachers 
should not teach agriculture but fundamental sciences correlated 
with agriculture. Neither should it be assumed by the science teacher 
that science is something so rarefied that it can have no contact with 
the world of practical everyday affairs. If this is to become an age 
of science, there must be correlation between our sciences and technical 
subjects. 

On the other hand, teachers of agriculture should teach technical 
agriculture; that is, agriculture codrdinated with science so that the 
student erects a structure of technical agriculture on a scientific founda- 
tion. Teachers of agriculture in agricultural colleges are hired to 
teach technical agriculture, not science, and certainly not practical 
agriculture, regardless of what thoughts the fathers may have had 
on this subject. Several years ago, in my youth and inexperience, 
I remarked to a friend that I was afraid that if the tendencies then 
prevalent continued with further and further subdivisions of agri- 
culture, we would have American colleges offering courses in Billy 
Goat Production, A. H. 27, and in Gooseberry Raising, Hort. 112, 
just as if the fundamental principles involved in producing billy goats 
were any different than those for other animals, the sheep for ex- 
ample; or as if raising gooseberries differed fundamentally from 
raising other small fruits. I don’t think we ever had either of these 
two courses offered and it seems to me, as I scan the pages of our 
agricultural college catalogs, that I see a decided improvement in this 
direction. Some courses similar to those mentioned have disap- 
peared. There are still some that I am sure ought to go but I may be 

mistaken. It seems to me that there is a trend for better technical 
agricultural teaching during these past seven lean years. If so, the 
reduced budgets will not be in vain. Teachers of technical agriculture 
should be constantly alert to see that their subjects are taught from the 
standpoint of the best agricultural practices as well as founded on the 
most advanced discoveries of the sciences which touch those subjects. 


The fallacy of the idea that the selection of the subject matter in ‘‘service 


courses” can be made by deans and directors in applied fields is well 
illustrated from the field of chemistry. One finds in the preface of a text- 
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book of organic and biological chemistry issued in 1923 from a prominent 
department of agricultural chemistry the following statement, “‘in this 
small book will be found those facts and principles of organic and biological 
chemistry that should be known by all students of those sciences which 
deal with plant or animal life—brief as it is, it contains as much of organic 
and biological chemistry as the ordinary student, who is not primarily 
interested in chemistry is likely to need.’’ One of a critical mind would 
find it instructive to inspect this book. It represents the organic and 
biological chemistry that covered, in 1923, the facts and principles deemed 
by a professor and a dean to be ‘‘as much—as is needed—.” But it is 
more instructive to compare the contents of that book—date 1923—with 
the contents of another book—date 1931—issued by another professor in 
the same department. In this book one finds many things that are now 
thought to be ‘“‘needed’’ by students in the same college under the same 
dean. One even finds some mention of hydrogen ions and of their impor- 
tance in biological phenomena. One is surprised to discover what a differ- 
ence the eight-year interval has made in what is ‘“‘needed.”’ Evidently, 
in 1923 a discussion of ‘‘the chemical and physical nature of living matter”’ 
was “needed” only by chemists. Now it is ‘‘needed’’ by the “student who 
merely wants to know about it as a man or woman of broad interests and 
culture.”” Functional groupings are now ‘‘needed,”’ but Geneva nomen- 
clature is not! The contrast is interesting! But let us rather place here 
the following quotation from Gortner (8): ‘“The greatest advances in the 
biological sciences can take place only when the chemists are fully aware of 
certain of the biological problems and biological point of view and only 
when the biologists appreciate the assistance which chemical knowledge 
and chemical technic can offer to the solution of the major problems.” 
One finds here no claim to the possession of a prophetic discriminatory 
ability between that which is ‘‘needed’”’ and not needed by ‘‘students of 
those sciences that deal with plant or animal life.” 

One can hardly feel that the training of deans and professors in the ap- 
plied departments is such that they are fully qualified to determine the 
subject matter of chemistry ‘‘needed”’ by the entrants into the fields. 

May I quote from “Agricultural Education in the United States” by 
Whitney Shepardson, Director of the General Education Board (9)— 


Let us look at some aspects of the present situation. First (and 
we are speaking of the agricultural divisions of universities), the 
average directing head, the dean, though in other respects well qualified 
for the duties of his many-sided office, has not the scholastic training 
of his “opposites” in other divisions. Of twenty-four deans of agri- 
culture, ten have never gone beyond the ordinary undergraduate 
course, ten have taken an extra year for the master’s degree, but only 
four out of twenty-four have the doctorate. In most of the institu- 
tions of this type the dean is also director of the experiment station. 
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In the few cases where this is not so, the scientific training of the direc- 
tor has been less than one would expect. Out of six such special 
officers, three have stopped at the bachelor’s degree, two have gone on 
to the master’s, and only one of them has attained the doctorate. 

No special importance attaches either to the final degree itself or 
the discipline which leads to it; but it is the best we have, and in 
academic circles it seems to be an objective of those who profess to be 
scholars. The man who does not take his doctorate may be con- 
sidered, under the prevailing view, as lacking some appreciation of the 
place of sheer scholarship in the scheme of agricultural education. 


Let us next note the statement in the recent Land-Grant Survey (6) as 
regards the situation in the field of Home Economics (pages 870-1)— 


Training.— Although the effect of training is in many individual in- 
stances inadequately represented by the academic degrees obtained 
by members of a college staff, the fact remains that for a relatively 
large group in educational work the degrees held are, in many re- 
spects, the most valid basis for estimating the degree of scholarship 
represented. The home economics staff in the land-grant colleges is 
no exception. It is, therefore, of special interest that, of 697 in- 
dividual records of the training of home economics staff members, 
only 30, or 4.7 per cent., have doctor’s degrees. Inasmuch as the 
Ph.D. is the most commonly recognized badge of scholarship and of 
academic superiority, home economics and institutional administra- 
tions may well take measures to employ new members with the 
doctor’s degree or to encourage study while in service which will enable 
present members of the home economics staff to obtain the Ph.D. 

Experience of responsibility for a home, including both married 
women and those who have had such experience in some other re- 
lationship, is also very limited. Only about 35 per cent. of the total 
report any such home-making experience. Such experience should 
be valuable for understanding of the problems involved and as a bal- 
ance to too theoretical teaching of subject-matter to undergraduate 
students. 

A very much larger proportion of the home economics staff has ob- 
tained the master’s.degree, 254 out of 697 cases reported, slightly over 
39 per cent. This is encouraging although it is not special cause 
for pride on the part of a college subject-matter division in view of the 
rapidity with which the master’s degree is being required as a pre- 
liminary qualification for employment in the better secondary schools. 

But a really serious deficiency in the academic training of home 
economics staffs becomes evident when it is realized that 314, or 48 
per cent. of the persons employed in this division of the colleges hold 
no degree higher than the bachelor’s degree. When the product of 
only a 4-year undergraduate course is brought into a division of the 
college teaching staff in such large numbers, it becomes fairly obvious 
that no very high standard of scholarship can be maintained. This is 
true even though the persons selected for such service represent the 
highest type of undergraduate ability and ambition. 

The situation apparently becomes even more distressing when 49, 
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or 7.5 per cent., of the home economics staff is shown by the individual 
reports not to have attained even the bachelor’sdegree. But when the 
additional fact is determined that of these, 41 are distributed among 
only 12 institutions, criticism for such low standards of employment 
must be confined to this group of land-grant colleges rather than ap- 
plied to home economics standards asa whole. Even though all of the 
persons without degrees may hold teachers’ certificates the criticism 
is but slightly ameliorated since in higher educational opinion teaching 
certificates are not as yet regarded as acceptable substitutes for college 
degrees. 


One may certainly admit that the counsel and advice of these ladies and 
gentlemen should be freely sought by those scientists who teach the ‘‘service 
courses.”’ Their desire to hold the whip hand is to be firmly resisted. The 
selection of subject matter must be left to those competent to select 
fundamental ideas and principles, whether new or old, and to combat all 
attempts to make these courses encyclopedic presentations of certain 
chemical facts thought to be ‘‘needed”’ in certain applied fields. 

Why should a course in organic chemistry for students from the colleges 
of agriculture and home economics be a catalog of the carbohydrates and 
the proteins? Surely this student needs, instead, the principles of 
structural and functional organic chemistry. Why confine this to courses 
‘for chemists only’? Why should one deny to the student of mechanical 
engineering the training in the principles of crystal structure that are now 
so universally used in metallographic studies? Why object to teaching 
the embryo engineer about the electronic structure of matter? Are these 
needed only by chemists? 

Let us quote again from Shepardson (9)—‘‘Surely any matter as basic as 
agriculture requires the best that our educational regime affords.’’ The 
same can be said as regards engineering and home economics. 

As one who is a firm believer in the importance of the training given in 
the land-grant colleges and universities, I wish to protest against the move- 
ment not only to accept but to demand less fundamental training in the 
basic sciences. Let me again quote as regards agriculture from the book 
by Shepardson (9)— 


The agricultural college is the nucleus of agricultural education. Its 
chief duty, to which all others should be subordinated, is to prepare 
men and women for responsible posts in agricultural research, teach- 
ing, and extension. . . Agriculture, therefore, must maintain its higher 
work at the university level. One promising way of doing this is by 
promoting fundamental research in the field of the natural sciences 
and particularly in those that deal with plants. 


Can we say any less about the other fields represented in the land-grant 
institutions? 
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One claim often made by the critics of ‘‘service courses” in chemistry is 
that a “‘survey’’ of graduates or practitioners has shown that the material 
taught in service courses is not ‘‘needed.”” While one could question the 
validity of such ‘‘questionnaire research,” it will perhaps suffice to quote 
again the Land-Grant Survey (6) (page 195)— 


It is, therefore, significant that so many institutions assert their 
allegiance to occupational analysis as a method of determining con- 
tent; it is perhaps just as significant that no written accounts of 
studies of this sort were submitted in support of protestations of ad- 
herence to the principle although a second request for such studies 
was made. ‘The seriousness and thorough character of the studies re- 
ported may be regarded with some skepticism. 


Those of us who have taught in the land-grant institutions are also 
familiar with another plaint. It is, ““The chemistry taught in the ‘service 


courses’ is not practical; it is not applied.” 
To consider this point we must at once inquire about the objectives of 


the instruction. 
Let us quote page 786, the section on Agriculture, of the Land-Grant 


Survey (6)— 


(1) Preparing students for general farming is no longer a primary 
function of the resident undergraduate work of colleges of agriculture 
in the land-grant institutions. Social, economic, and educational ad- 
vances require that this fact be recognized frankly by the institutions 
and by their constituencies. 

(2) The objectives of higher education in agriculture are increas- 
ingly and properly those of preparing: First, research workers in the 
scientific and social fields related to agricultural production and dis- 
tribution and to rural life; second, extension workers for service 
in the dissemination of knowledge concerning the applications of 
scientific and economic truth to the problems of rural living; third, 
workers in all types of business and commercial activities related to 
agricultural production, distribution, and service; fourth, teachers of 
vocational agriculture and science in the public high schools; fifth, 
public servants in the investigating and regulatory departments of the 
State and National Governments; and sixth, overseers and managers 
of specialized and large-scale farm enterprises. 


The section on Engineering of the same Land-Grant Survey (6) states 
(page 800)— 


When the Morrill Land-Grant Act was passed there was little 
understanding of the scientific problems underlying industry. For 
many years after the passage of this act the industries were unprepared 
to use scientifically trained engineers. The entrance requirements 
were low in most of the land-grant colleges, and the facilities in staff 
and equipment were very meager. As a result, the earlier curricula 
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of the land-grant colleges stressed shop practice, drawing, surveying, 
and similar subjects in order to relate instruction to the opportunities 
available immediately after graduation. Instruction was mainly 
vocational and practical training was stressed. These immediately 
practical objectives have survived under conditions and standards of 
edugation unknown to the earlier forms of engineering instruction in 
the land-grant colleges. 

The staff and equipment have also been greatly improved. En- 
trance requirements have been raised, the number of special students 
reduced, and the time devoted to the humanities, to science, and to 
mathematics has been increased and the time given to descriptive and 
practical subjects reduced. 


The situation in Home Economics is described in that section (page 980) 
as follows: ‘‘No institution today admits that the major objective of its 
home economics work is that of developing handicraft skill in the operations 
of home making.” 

It would seem from these statements that the admitted tendency is 
toward the scientific rather than the ‘‘practical.” The colleges of engineer- 
ing have long disclaimed any desire to serve as trade schools; the agri- 
cultural extension service and the Smith-Hughes schools have taken over 
the vocational aspects of agriculture and home economics. Why should 
these notions persist at the college level? 


Let us quote from Dean Kyle of the Texas A. and M. College (10)— 


The time has undoubtedly come when our agricultural curriculum 
should be built with the primary object of training for leadership in 
agriculture and related industries. This means that the entrance re- 
quirements should be raised; that the most thorough training possible 
should be given in the fundamental sciences; that trade courses in 
agriculture should be eliminated; that all technical agricultural 
courses should be raised to the highest possible scientific standards; 
and that economical and sociological subjects must be given more 
recognition. 

With the development of the Smith-Lever and the Smith-Hughes 
work, and in some instances, junior agricultural colleges, the land-grant 
colleges should delegate to these forces the handling of all non-collegiate 
work, except at times and under conditions that will not interfere with 
the standard courses. Rather than turn out graduates who are ex- 
perts in budding or stock judging, the agricultural colleges should turn 
out men qualified to think and reason soundly on the great problems 
confronting agriculture. I do not want to give the impression that 
agricultural graduates should not go into practical agriculture. The 
point I want to make clear is that our graduates should be prepared 
to become recognized leaders, whether it be in practical agriculture, 
in agricultural teaching in colleges and high schools, in extension work, 
in research work, or in professions related:-to agriculture. 


Dean E. C. Johnson of the State College of Washington says (11)— 
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Many still think that the principal purposes of collegiate agricultural 
courses are to train young men to milk cows, harness horses, adjust 
plows, prune trees, run binders, or perform other common operations 
on the farm, in other words, that the major concern of a college of 
agriculture is to give instruction in the simpler activities and processes 
of the farm. ....Were proficiency in conducting the various farm 
operations the main objective, not only do our colleges fall short 
in attaining it, but no state would be justified in appropriating any 
considerable funds to colleges of agriculture for this purpose. 


Then, too, one might inquire of the complainant, why applied depart- 
ments should not do their own work. It is their responsibility to apply 
the fundamentals of the pure sciences. 

From the students in certain of the applied departments comes the 
complaint that the material taught in the “service courses” is never 
Fnede in the advanced professional work. Here, too, we may quote the 
Land-Grant College Survey (page 849) (6)— 


The handicraft objective.—No institution admits today that the 
major objective of its home economics work is that of developing 
handicraft skill in the operations on home-keeping. Long after 
creation of good cooks, home dressmakers, and housekeepers by 
teaching skill in household operations and by imparting rule of 
thumb information is recognized as an inadequate objective for college 
home economics the practices derived from this conception may sur- 
vive and the objective itself persist in an obscured form. Most fre- 
quently this obscurity arises from the addition of well-recognized and 
respectable academic requirements that bear an attenuated relation- 
ship to subject matter prescribed to attain the old objective. Thus, 
since cooking involves chemical changes, since pattern making re- 
quires knowledge of measurements, curves, and irregular volumes, and 
since a house must be provided for housekeeping, it would easily 
be possible to attain academic standing for home economics by in- 
sisting that science be taken through organic chemistry, that mathe- 
matics be pursued through solid trigonometry, and that the elements 
of architecture should precede the course in house furnishing. Yet 
the cooking, sewing, and household work might be modified in only the 
slightest degree by all these additions and the essentially home 
economics instruction might remain upon the same old handicraft 
level. 


When students who have failed in the “‘prerequisite’ chemistry take 
courses in foods and nutrition and receive the highest possible grades, one is 
permitted to question whether the setting of the prerequisite was anything 
other than an attempt to obtain ‘‘academic standing” for the courses in 
question. If the chemistry is not necessary or if the modicum of chemical 
facts acquired from reference books is all that is needed, let us abandon 
organic chemistry as a prerequisite. 
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Even those students who are “‘majoring”’ in foods and nutrition seem not 
to need organic chemistry. Let us quote again from p. 946 of the Land. 
Grant Survey (6)— 


Examination of the content of these so-called foods and nutrition 
cusricula aids in distinguishing distinctive purposes in the case of 
only a few institutions. The facts summarized by Table 22 merely 
serve to emphasize the lack of correlation between specific functions 
and multiplication of claims to curricular development. 

If these curricula had as objectives the specific preparation of 
research workers in food and nutritional areas, of consulting nutri- 
tionists, or hospital dietitians or of public-health workers, the fact 
should be indicated clearly by emphasis upon chemistry requirements 
since all these employments obviously demand concentrated training 
in this subject. This is not the situation, however. While all require 
general chemistry, only 15 require organic, 6 quantitative, and 4 quali- 
tative. On the other hand, four require household chemistry which 
was clearly developed to adapt pure chemistry to the less precise and 
systematic needs of students of home economics without professional 
or technical purposes. Only 12 of the 20 require physiological 
chemistry. 


The emphasis in certain of these ‘‘foods’’ courses with more or less 
formidable chemistry prerequisites seems rather often to be, as disclosed by 
student conversation, the serving of ‘formal dinners,” “luncheons,” and 
‘breakfasts.’ These are all, no doubt, very commendable features. _Itis, 
however, difficult to understand why organic chemistry should be a pre- 
requisite. These courses are often described in the college catalog in very 
scientific terms. Let us note the following from the catalog of a State 
University that shall remain unnamed—‘‘An introduction to the study 
of the principles involved in the selection and preparation of food.” This 
is followed by another course which involves ‘‘additional planning, prepara- 
tion, and serving of meals for the family group.”” At the same institution 
only “advanced undergraduates and graduates” may take an additional 
course in foods, with many prerequisites, that ‘‘considers problems of the 
modern homemaker concerning the purchase of food and the planning and 
preparation of meals.”’ On completing this course, the aspirant to further 
knowledge may enrol for a 5-credit course that ‘‘provides an introduction 
to research through the application of scientific principles to problems 
involved in food preparation.’”” An even more exclusive course is one 
where one may engage for an additional 5 credits, in ‘a study of foods 
with reference to buying for institutions.’ After this a limited (five 
students) class, with proper scientific prerequisites, may take a 10-credit 
course in ‘‘the preparation of food in large quantities.’’ One looks im 
vain, however, for any instruction in the selection and preparation of food 
for husbands who are over six feet tall! 
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A somewhat similar situation may be found in certain ‘‘advanced’’ 
courses in agriculture. Despite the fact that the course is required of 
junior or senior students, the prerequisites listed can only be construed as 
an attempt to gain ‘‘academic respectability” for the course. One rather 
usual example can be found in the courses in ‘““Farm Machinery”’ often 
listed in agricultural curricula. One state college requires seniors to enrol 
for such a course that deals with ‘‘the place of machinery on the farm; 
methods of operating and making field adjustments.” A more detailed 
description of this course shows that it involves solely a recapitulation of 
the types of farm implements that are used in that state. Need we wonder 
that chemistry is not ‘‘needed”’ in such a course. 

Another state college requires of all juniors a course that involves ‘“‘a 
detailed examination and comparison of plows and other more important 
implements.” Still another state college requires all seniors to engage in 
“a study of the types of field machinery and their use with especial attention 
totheir adaptability to....agriculture.” This same institution also enrols 
all its seniors in agriculture, regardless of their field of specialization, in a 
course in swine production where, ‘‘laboratory exercises consist of marking, 
ringing, and castrating pigs; butchering, cutting, and curing of meats.” 
These students may, if they wish, elect geology or plant pathology but they 
are all required to study “‘feeding, care, and management of dairy herds with 
special emphasis on... .conditions.”’ 

The writer realizes that these courses may be both necessary and desir- 
able. They are certainly not courses that involve the use of scientific 
principles. Why should chemistry, physics, and the biological sciences 
be listed as prerequisites to work of this character? Why call them 
“advanced’’ courses? 

If these courses are to be taught, let us strip them of their prerequisites 
and their ‘‘advanced’’ numbers! It seems more likely, however, that 
these courses are survivals from the earlier days of land-grant instruction 
when the subject matter of such curricula was drawn rather largely from 
practice. Surely the time is at hand to relegate such instruction to the 
secondary schools of vocational agriculture and home economics! 

New and scientific content in the specialized courses in agriculture and 
home economics will make such demands on the prerequisite courses that 
mere descriptive chemistry will never survive. If teachers of chemistry 
will face frankly the facts they must admit that chemistry is not ‘‘needed”’ 
in many of the specialized fields as they are now organized. 

If the fault lies in the chemistry courses being merely descriptive, let us 
boldly change them. If it be in the lack of scientific training of the teacher 
in the applied field or in the paucity of scientific applications in the fields in 
question, let us just as boldly place the facts before the highest administra- 
tive authorities. 
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The situation has been well summed up by Dean Ferguson (12) from 
the point of view of the College of Engineering— 


I shall defend the view that it is better for the engineering student 
if he can be taught his general subjects in classes with students from 
other groups or colleges, by instructors whose ratings are in terms of 
those general subjects rather than in terms of engineering, under the 
moral influence of the engineering college rather than within the 
control of it. 

I will admit in advance that there are many little openings through 
which flies may creep into the ointment. 

The man should be rated as an engineering student from the first, 
No pre-engineering standing is satisfying to his longings or expecta- 
tions. His classification as an engineer is both encouraging and 
gratifying to him. 

With this indulgence come the attendant dangers that he may lack in 
appreciation of the values of general subjects and may fail properly to 
avail himself of his opportunities to form friendships across that 
imaginary line which is presumed to separate men from other men 
who are wearing different labels. These dangers must be guarded 
against by the conscious effort of his engineering teachers to broaden 
his sympathies. 

As a freshman, the student should be in both engineering and service 
courses. The former may be engineering drawing, orientation courses, 
shop, etc. The latter are generally English, mathematics, chemistry, 
and physics. 1 

His engineering instructors should be men who value highly the 
general subjects he is taking; who speak English correctly; who do ( 
not avoid the use of mathematics. They should have, and exhibit, { 

: 


= es et? 2. wm ff 


— «- 


~~ -« & — =F OO 


ae ae ay ee 


a desire for increased familiarity with and proficiency in those sub- 
jects. Nothing more effectively undermines the morale of the 
service-course classroom, and destroys the engineering student’s 
interest and desire to make good therein, than to have technical in- 
structors assume an air of superiority and imply by either word or 
action that in the broader teaching of service courses in the curriculum 
much time is wasted, but that this must be tolerated as a sop to those 
who control educational policies. Upon the other hand, it is quite 
possible for engineering instructors to help distinctly in promoting 
interest in the general subjects by making direct application of them 
to the work in progress, and by showing that any great advancement 
of the art must be built, not on current practice, but on fundamental 
science. 

Then, too, there must be some reciprocity in this matter. The 
service-course instructor must, to some extent, apprehend engineering 
imports, and must be appreciative of their values in modern civiliza- 
tion. He must know and acknowledge that there is much in heaven 
and earth that is not dreamed of in his philosophy; that even within 
his own horizon there lies much of practical application which he can- 
not comprehend or evaluate. 

It has been my observation that these conditions of mutual respect 
and sympathy can be established and maintained if care and thought 
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are expended upon this particular phase of the problem. On both 
sides, the teachers must be philosophers, at least in rudimentary form. 
The technical instructor must not preach application and results to 
the exclusion of imagination, fancy, and idealism. The service-course 
instructor must not deny the fact that we learn a truth in order to use 
it—whether it be the Golden Rule or Ohm’s Law. 

The problem becomes, therefore, first, one of mutual appreciation 
on the part of those in positions to exalt and expound, each, his own 
learning. This is a great, reciprocal responsibility, which neither 
party can shirk. Second, of bridging the gap between theory and 
application, or better, between the general and the concrete. And 
the burden of this liaison rests squarely upon the shoulders of the 
technical instructor who would use the earlier teachings. Definite 
applications are his duty, and he alone should be blamed if the connec- 
tion falls short from reaching a reasonably well prepared foundation 
on the other side of the chasm. 

With these ideas clearly in mind, and with individual responsibility 
accepted, there is no reason for limiting the contacts of engineering 
students to engineering class-groups, taught by instructors with strong 
bias toward the so-called “‘practical’’ courses. There is no reason why 
engineers in the making should not have the benefits of the same 
breadth of contacts and training by which other men profit. 


Another angle is presented by Dean Kimball (13)— 


Let us take first these three major and important courses, physics, 
mathematics, and chemistry. In a long experience in a large engineer- 
ing faculty I have always found a group of men who believe that those 
courses should be dominated absolutely by the engineering faculty; 
that not only should the control be definite, but it should be vested 
in the college itself. Several reasons are given. One is that they will 
be better taught. I question that. That is an idea that you often 
get from many of the young men, that if these are in an engineering 
college, they will be better taught. 

Another argument advanced is that if they had control of the course, 
they could lay out the content of this course so it would fit their work 
better. The man who teaches mechanics for instance says if he 
could only teach mathematics, he could arrange that so as to fit his 
own work so much better and the student would be better trained, and 
so on. 

There are some other things in rebuttal on this claim. In the first 
place, in regard to the student not knowing certain things; I think that 
is common all the way up the list. Courses should not abut. They 
should overlap. 

As to the content again, the same thing holds. I am inclined to 
think that if we at Cornell should take chemistry over into the College 
of Engineering, inside of five years it would be the chemistry of the 
materials of engineering and not good broad general chemistry. If we 
should bring physics over we would get physics pertaining to the 
general work in electrical engineering and not good broad general 
physics. For that reason we decided some years ago that the College 
of Engineering would teach applied science and the other three basic 
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subjects we would have taught in the three large departments of arts 
and sciences, for the reasons I have indicated and also because we 
thought it would be better to put all the money we had for chemistry 
into that group, and all we had for mathematics into that group and al] 
we had for physics into that group, and build up three strong basic 
groups. That has worked out very well. Partly because of that we 
get a gift of a chemistry building last year worth a million and a half 
dollars. We could not duplicate any such service as we are getting 
from chemistry in any possible way, shape or form in engineering, 
The same thing is true, I believe, of physics and of mathematics. 


Whitney Shepardson, in the book (9) to which reference has already been 
made, quotes (p. 28) Dr. S. W. Johnson, who, writing from a desk in 
Liebig’s laboratory, says: ‘‘If agriculturists would know they must inquire, 
The knowledge they need belongs not to revelation but to science and it 
must be sought for as the philosopher seeks other scientific truth.” On 
the next page is found this equally significant comment: “‘He (S. W. John- 
son) was proving....that fundamental research in agricultural science is 
necessary to the advancement of practice; that work of highest scientific 
quality can be done under the title of agriculture; and that the almost 
impossible task of gaining respect in the eyes of the practical farmer and 
the hostile educator is by accomplishing the single task of gaining one’s 
own self-respect first. Of all the discoveries of the remarkable Experi- 
ment Station at New Haven, this last is perhaps the most valuable.” 

Surely the young entrant into any of the fields of applied science will be 
better qualified if he knows how to find out facts than if he has only stored 
his mind with facts. 

The next great advance in technical education at the university level 
will be in the frank recognition that a bachelor of science in mechanical 
engineering, or home economics, or agriculture is not a finished product. 

Let me quote from President H. N. Davis (14) of the Stevens Institute of 
Technology: 


Why waste time in an engineering school learning details, descrip- 
tions of processes and of machines, tricks of technic of hand or brain, 
or even miscellaneous facts, all of which, in so far as one wants them 
at all, can be learned far more effectively on the job. Why not devote 
one’s time in the school in learning what one may never have another 
chance to learn, namely, fundamental principles, and how to think? 
And always remember that ignorance, plus willingness to learn, plus 
ability to learn, is a far better basis on which to establish appropriate 
and satisfactory human relationships with one’s own organization, 
and with the world in general, than is ‘“‘knowing a lot of things, even 
if all of them are so.” 

My conception of the educational opportunity which the under- 
graduate engineering schools of today would do well to offer to their 
students must be, by now, fairly clear to you. There will not bea 
multiplicity of more or less specialized undergraduate curricula, each 
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of arts designed to train for some one variety of engineering carcer. There 
IS€ We will be one curriculum. And in this curriculum the emphasis will be 
mistry placed on the basic disciplines that underlie all engineering careers; 
und all there will be plenty of mathematics, physics, atid’chemistry ; -:there 
"basic will be mechanics in all its branches, including’ thie’ deplorably few 
lat we fundamental principles that are yet known as to the nature and 
a half serviceableness of the materials of engineering; stress will be laid on 


thermodynamics and in particular on the laws of thermodynamics 





ettin 
erie and on how to use them as a vital part of one’s thinking; there will be 
electrodynamics, with emphasis on the fundamental principles of 
both direct and alternating current phenomena; at least a foundation 
dy been will be laid in hydrodynamics and aerodynamics; and there will be 
desk in thorough training in the various arts of mensuration, and in the 
inquire, still greater art of feeling instinctively the appropriate degree of skep- 
. and it ticism as to the results. Many useful facts will be automatically 
i stored away in the student’s mind if his teachers will merely athere 
: On F strictly to the practice of basing every problem or examination 
- John- question on real data. But there will be a great dearth of survey 
ience is courses designed primarily to impart facts. Throughout, the method 
ientific of attack, rather than the answer, would be the significant thing. 
alton One may see the same tendency in curriculum-building in colleges of 
“Lo agriculture. Let us quote Shepardson (9) (p. 104)— 
oxperi- The tendency is to reduce if not to eliminate courses in practical 
r agricultural skills; the intellectual discipline is severer than ever 
will be before. In fact, to repeat our quotation from Doctor East of Harvard, 
hia and to apply it in a new connection: 
“The work given in the institutions supported by the wealthier 
states, such as New York, Wisconsin, Pennsylvania, Ohio, Illinois, 
"level Michigan, Minnesota, and California, compares favorably with that in 
anical other first-class colleges.”’ 
ct. The material which presents itself from these agricultural colleges 
ica for postgraduate training is hardly inferior, if at all, to that whici 
comes up from the endowed institutions. One hears the rather subue 
distinction that ‘‘the latter are better trained, but the former are 
ip- better men,”’ the inference being that if the intellectual discipline of the 
in, undergraduate from the agricultural college lacks something in 
m content, it has nevertheless managed to confer a certain quality— 
ste whether of insight or purpose—which offsets the loss. 
rer There is no need to go over the ground which Doctor East traversed 


k? in coming to his conclusion. It may be accepted. Indeed, an in- 
us dependent study credits at least one of the university agriculturai 
te departments with many more “‘cultural’’ and general science units 
fn, than East discovered. It might be,well, however, to call attention 
to a recent development. The University of Minnesota, within the 


en 
College of Agriculture, is providing a course in agricultural science 
- for the undergraduate student. The freshman year is made up of 
ir botany, chemistry, mathematics, and English. In the sophomore 
a year students are required to take biology, chemistry, bacteriology, 


h English, German, logic and public speaking. In the junior and 
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senior years, the student’s adviser helps him choose his studies—the 
only requirement being that he must have a major of from 24 to 36 
credits in some field of agricultural science, and a minor of from 18 to 
21 credits in another. The course is designed primarily to train 
students for postgraduate work, and to lay the foundation for careers 
in agricultural colleges and experiment stations; and a study is to be 
madé of the individual student in order to help him decide which 
branch of science he is best qualified to enter. It sounds like a well- 
considered and uncompromising plan and its outcome will be watched 
with interest. 


Perhaps you may wonder why I bring such a discussion before a group 
of teachers of chemistry. Why, you ask, is not the matter threshed out at 
the meetings of deans and directors? 

One reason is, of course, that the problem is seldom if ever presented at 
these meetings by classroom teachers. Seldom if ever are the actual 
teachers present at the meetings of, for example, ‘‘the section on resident 
instruction!’’ The reason for the non-attendance of the teachers is, of 
course, a financial one. 

School and Society quotes President George Norlin of the University of 
Colorado as saying, in an address before the North Central Association of 
Colleges and Secondary Schools, Chicago, March 15, 1929: 

“When a national convention meets to consider ways and means for the 
improvement of college teaching, like the meeting of the Association of 
American Colleges of Chattanooga two months ago, where some two 
hundred and seventy-five colleges were represented, it is attended mostly 
by presidents and deans who do not teach.’’ President Norlin knows why 
they are not there! So do you! 

The second reason for bringing this discussion before this group is a 
much more pertinent one. It is my honest belief, after a teaching experi- 
ence of some length, including two separate land-grant colleges and one 
land-grant university, that the departments of chemistry and teachers of 
chemistry are primarily to blame for the present situation as regards the 
“service courses” in chemistry. 

First, we are to blame because we have not been honest with ourselves 
and our students. We have tried, too often, to ride two horses going in 
opposite directions. We have assured our students that the facts of 
chemistry were tremendously important in the applied fields for which they 
were in training, and, at the same time, we have taught general principles. 

Or, we have attempted to teach applied chemistry when we were not the 
right people to do so. Why should we teach pre-professional students 
“about’’ chemistry? They need chemistry! Then let the applied depart- 
ments teach the applications. 

We have not been honest with the makers of curricula! Let us say to the 
several faculties, “If you wish to plan curricula with handicraft objectives, 
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please omit chemistry from them. The courses we teach have nothing 
whatever that is pertinent to trade-school curricula or to curricula based on 
farm practice or household usage. They may and doubtless do have 
cultural and guidance value but they cannot contribute to the objectives of 
such vocational training.”’ 

Itismy studied opinion that a ‘‘deflation’’ of the student enrolment in ‘‘ser- 
vice courses’ in departments of chemistry in the land-grant colleges and 
universities is long overdue. If the students who do not “‘need’’ chemistry 
and who are convinced that it is not ‘‘practical’’ were segregated and given 
“practical’’ courses on the vocational level, it would be a godsend to 
departments of chemistry. Let us cease playing up our student enrolment 
in “service courses’’ as the reason for asking for appropriations. If 
we deserve money for our scientific work, let us ask for it. Why should we 
carry along a large group of people who have only “‘practical’’ ambitions? 
If our institutions feel that these people must be admitted, let the institu- 
tions plan curricula for them! The situation calls for much more student 
guidance than is usual now and we must play our part fairly, frankly, and 
honestly. Thus the ‘‘service course’ can be of real service. 

Then let us face the problem of selection and organization of fundamental 
scientific material for the really professional curricula. Just as the students 
in curricula with “handicraft” objectives ‘‘need’’ less chemistry, so the 
students in professional courses need more. We must select the material 
with care and teach it with conviction; we must enlist the professional zeal 
and enthusiasm of the serious students; we must recognize the importance 
of the applications of chemistry but teach the fundamentals. 

We have heard much in recent years about the “‘child-centered”’ school. 
Schools should be ‘‘child-centered!’’ There are those who would organize 
our university instruction on that basis. I believe that they are wrong. 
The university should be, as it is, ‘‘subject-centered.’”” Why should we 
give our students stones when they ask for bread? A student in any 
elementary course in any subject taught at the university level has the right 
to expect (and, if need be, to demand) that the course will be organized and 
taught by one who has a reputable standing in that subject. The student 
expects and should have teachers with knowledge and experience in method- 
ology. But no amount of methodology can compensate for the lack of the 
“subject matter” so often seemingly despised by ‘‘professional’’ (self- 
styled) ‘‘educators.”” How can a teacher make appropriate selections of 
subject matter from a field in which he is only half-trained? Let us go 
before the administrative boards and the public with a brief for the ‘“‘sub- 

ject-centered”’ university as the best way to prepare professional students 
for a ‘‘subject-centered” world. 

I hold no brief against the ‘“‘cultural”’ or ‘‘pandemic”’ course as an element 
of liberal training. It has a valuable place there. It has no place in the 
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training of professional students. They ‘‘need’”’ chemistry without any 
adiective. 


Liver enzyme makes vitamin A from carotene. 
liver which transforms carotene, the yellow coloring matter of carrots, into vitamin A, 
Harold S. Olcott and Duane C. McCann of the State University of Iowa have just dis- 
covered. 

The fact that carotene, which is found in other vegetables besides carrots, was 
changed to vitamin A in the body has been known to scientists for some time. 
transformation has never before been performed outside the body, however. 

Preliminary experiments showed that carotene was destroyed and vitamin A ap- 
peared when carotene was kept in a warm place.for a time with fresh liver tissue from 
the bodies of rats that had lacked vitamin A. 
due to an enzyme. 

Further research, using a liver extract instead of fresh liver, proved this to be the 
case, the Iowa investigators report. 

They suggested that the new enzyme should be called carotenase.— Science Service 
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FURTHER REMARKS ON THE DETERMINATION OF FORMULAS 


DEAR EDITOR: 

The note by Dodds [J. Cum. Epuc., 8, 2244-6 (Nov., 1932) | is believed 
to be open to criticism on two scores: first, it is incorrect in stating that 
present methods of instruction in the calculation of formulas are based 
upon percentage composition and, secondly, it uses, in its arithmetic, 
symbols which would unnecessarily confuse the average student. The 
writer's experience has shown that calculation of formulas is seldom 
handled satisfactorily by the majority of the class unless a considerable 
amount of drill is given to it. This raises the question as to whether it 


_ might not be well to omit it altogether from an elementary course in 


chemistry. Is it not, perhaps, one of those phases of the work dear to 
the teacher whose broad experimental background enables him to see 
clearly what is involved, but meaningful to the average student only after 
further courses have built up his background and interest in the subject? 
It may serve to distinguish the superior students. Also, it may serve to 
emphasize that formulas are derived from experimental results. The 
author believes it better to say that proved formulas tell the valence of 
the constituent elements, than to emphasize valence as a means of writing 
formulas. 

If one is to teach calculation of formulas, however, he naturally wishes 
to place the instruction upon as reasonable a basis as possible. The 
following scheme has been grasped and applied more readily by students 
than any of several others that the writer has tried. 

To know the formula for a compound we must know what elements 
are present in the compound. Suppose we find by experiment that a 
compound contains calcium, carbon, and oxygen. Its formula must con- 
tain the symbols for these three elements but since we do not yet know 
the subscripts, let us indicate them as x, y, and 2, respectively. We have 
then Ca,C,O,. 

Our experiment then must give us not only what elements the com- 
pound contains, but the weight of each in a given weight of the compound. 
Also we must have the atomic weights of the elements involved. 

Suppose that we find by analysis that calcium = 0.2581 g., carbon = 
0.1548 g., and oxygen = 0.4129 g., in a sample whose weight is the sum 
of these, 0.8258 g. 

Since the table of atomic weights gives 40, 12, and 16, respectively, for 
calcium, carbon, and oxygen, we can make a trial at the formula as follows: 
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“x x 
Cap.o581 Co-1548 Op.a129 


40 12 ie 
The symbol stands for the atomic weight, the subscript for how many 
times this weight is taken. Accordingly, in the case of calcium, 
actual weight in grams of calcium given by experiment 





. = the nu 
gram-atom of calcium mber of 


times the gram-atom of calcium is taken = x. : 
Similarly, y and z represent the number of times the gram-atoms, 
respectively, of carbon and oxygen are taken. That is, our experimental 
95 FAQ 
results lead to x, or =< gram-atoms of calcium united with y, or 0.1548 
0.4129 
16 
0.8258 gram of the compound. The conception of atoms as particles 


) ’ 


< 


gram-atoms of carbon, and z, or , gram-atoms of oxygen to form 


indivisible in ordinary chemical reactions requires, however, that the ° 


subscripts be whole numbers, but they must be whole numbers in the same 
ratio as the trial subscripts which we have already found. All of the 
other chemical principles involved have been considered when we write: 
Cao.2581 Co.1548 Oo-a129 = Cap. 0064sC 0-0129O0-0258) or CagasCi2900250- (The average 
40 12 16 

student does so poorly with calculations involving decimals that experience 
has shown it worth while to drop them. Usually he will readily grant 
that had we used 100,000 times as much of the compound each subscript 
would have been 100,000 times as large.) 

We now have whole-number subscripts, but in the simplest formula we 
use the simplest ratio of the subscripts, therefore we abandon the above 
formula and substitute CaC,O,, since 645 : 1290 : 2580 = 1:2:4. It 
may be pointed out that the simplest formula is not necessarily the correct 
formula and that to know the correct formula we must know also the 
molecular weight of the compound. 

As to the problems where the experimental data are given in percentage 
the writer simply treats these as special cases in which the number of 
grams of the respective elements per 100 grams of the compound is con- 
sidered. 

In actual practice this method is far shorter than the explanation of it. 
The student goes directly from the analytical data and atomic weights 
to the trial formula with its fractional subscripts, and he seems to get a 
much clearer idea of the meaning and relationship of atomic weights, mo- 
lecular weights, symbols, and formulas. 


F. J. ALLEN 


PURDUE UNIVERSITY 
LAFAYETTE, INDIANA 
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THEODORE WILLIAM RICHARDS 


DEAR EDITOR: 

If this chemical cellist of the late Theodore William Richards [J. CHEM. 
Epuc., 9, 365-6 (Feb., 1932)] is rather enigmatical stuff to some good 
folks, perhaps the following facts may help their troubled souls. Of friend- 
ships among chemical men, that of the German Ostwald and the American 
Richards was a close one. When in 1905 Ostwald filled the first German- 
American Exchange Professorship at Harvard, the gentle and charming 
Dr. Richards was host and guide. He had known him since the days when 
he studied under Ostwald and observed the methods at Leipzig first hand. 
And if there was much new chemistry in the laboratories there, there was 
also frequent music in Ostwald’s household, adjoining ‘‘the shop.”” In the 
string quartets assembled there, Ostwald himself played the cello. This 
seems to account for the humorously mysterious cellist. The versatility 
factor in the chemico-cellistic equation is so obvious to those familiar 
with current chemical history that it scarce needs mentioning. However, 
let us recall that the cellist Ostwald has been celebrated as an original 
investigator, as the co-founder (with Arrhenius and van’t Hoff) of a new 
science, as the organizer of its subsequent era, as the most prolific scientific 
writer of our time (chemical, some 18,000 pages—philosophical, 6000 pages), 
as a great teacher, a fearless positivist, and fundamental natural philoso- 
pher. He has been leading in international scientific organization (first 
president, International Chemical Union), in the artificial auxiliary lan- 
guage movement (president of the Language League, IDO), and in Monism 
(president, International Congress). He has painted extensively and is 
consolidating now, in the evening of his prodigious career, the world of 
colors into a profound and colorful colorology. 

I don’t know what you are going to do about it, but me for trying the 
cello. Cordially yours, 

H. ZEISHOLD 
712 GARDEN STREET 
ELIZABETH, NEW JERSEY 
* * * ok ok * 
My Dear Dr. GORDON: 

I am deeply interested in the correspondence with regard to the remark 
of Professor Theodore William Richards concerning the musical attain- 
ments of chemists, to which you gave space on pp. 365-6 of your February 
issue. I am glad to take the responsibility both for the original editorial 
printed in The Nation in April, 1928, and for the letter to the editor of 
The Nation which you published. When The Nation asked me to supply 
the circumstances of Professor Richards’ remark, I was not informed that 
the request was based on a letter from you. The omission of my signature 
both from the editorial and from my letter as forwarded to you was merely 
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in accord with The Nation’s editorial policy. Since there is no reason 
for anonymity and since the incident rests wholly on personal testimony, 
the identity of the witness should be part of the record. 


GERALD WENDT 
SuITE 2706 
10 East 40 Sr. 
New York City 


BALANCING CHEMICAL EQUATIONS* 
DEAR SIR: 

I can inform Mr. A. Endslow [J. Cuem. Epuc., 8, 2453 (Dec., 1931)] 
that the algebraic method of balancing equations was proposed by the 
academician, V. A. Kistiakovskij, in 1919. This method is contained 
in my text, “Course of General (Inorganic) Chemistry,” 3rd edition, 
Leningrad, 1930, pages 49-50 [my book was reviewed by Professor Tenney 
L. Davis in the JOURNAL OF CHEMICAL EpucaTION, 7, 2756 (Nov., 1930)]. 

Personally, I advise our students to have recourse to the algebraic 
method only in extreme cases. All the equations dealing with nitric acid 
are treated thus: 


(a) decomposition of acid 2HNO; = 2NO + H,0 + 30 
(6) oxidation of metal 30 + 3Cu = 3CuO 
(c) formation of salt 3CuO + 6HNO; = 3Cu(NO;), + 3H,0 
3Cu + 8HNO; = 2NO + 3Cu(NO;)2 + 4H,0 





Thus, at the same time, the very important fact is mastered, that nitric 
acid acts always in these cases as an oxidizing agent. The first equation 
is written 2HNO; = 2NO2 + H2O + O, 2HNO; = N2O + H.0O + 40, 
etc., according to the nature of the reduction product. 
Sincerely yours, 
B. MENSCHUTKIN 
DoroGa v Sosnovku !/; FLAT 76a 
LENINGRAD, U.S.S.R. 
2 R Aa ae ee 
On page 358 of the February, 1932, JouRNAL OF CHEMICAL EDUCATION, 
the third step of the example given should read 


8x +2y +2 = 4u (3) 
instead of 
3x + 2y + 22 = 4u. (3) 


* For additional correspondence on this subject see pp. 358-63 of the February, 
1932, issue of the J. Coem. Epuc. 
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DIRECTIONS FOR ABSTRACTORS OF THE JOURNAL OF CHEMI- 
CAL EDUCATION 


The directions herein set forth, prepared in the editorial office, are in- 
tended to aid the JouRNAL staff and abstractors in producing a more 
useful and more uniformly excellent Abstract Section. General rules 
regarding content, style, and form of the abstracts have been formulated. 
The editorial staff must necessarily reserve the right to abridge or totally 
reject any abstract submitted. However, strict attention to the follow- 
ing directions will largely obviate the necessity for such action. 


Purpose and Organization of the Abstract Department 


The purpose of the Abstract Department of the JOURNAL OF CHEMICAL 
EpucaTION is to furnish teachers and students of chemistry with helpful 
and valuable professional suggestions from varied sources, without duplicat- 
ing to any extent the efforts of Chemical Abstracts. The responsibility of 
abstracting over 100 periodicals* is assumed by approximately 30 ab- 
stractors representing as many institutions. The abstractors are paid 
quarterly from the business office at the rate of $3.00 per printed page. 


Periodical and Abstract Assignments 


Periodicals are assigned from the editorial office. Two factors govern 
the assignments: (1) the availability of the periodical to the abstractor, 
and (2) the expressed preferences of the abstractor. Each periodical is 
abstracted in toto by one abstractor, who is responsible for covering all 
suitable material (see classification below) appearing in it. In cases of 
questionable material, the editor will gladly help to decide what articles 
to abstract. 

Monthly reports on entire assignment are requested of each abstractor 
but titles need not be submitted in advance of the preparation of the 
abstracts. Abstracts should be forwarded to the editorial office by the 
10th of each month. The use of report cards, formerly forwarded to the 
editorial office in advance of the abstracts, will be discontinued. 

At certain intervals the periodicals will be checked back and abstractors 
will be notified of abstracts overdue or material not previously abstracted. 


Classification of Abstract Material 


As a guide in selecting suitable material for the Abstract Section, the 
following classification headings are submitted. As a rule abstracts 
should fall logically under one of the first eleven headings. Even when 
narrowly interpreted, it is felt that this classification is sufficient to cover 
all material which the JouRNAL OF CHEMICAL EpucaTION is justified in 
abstracting. 


* Reprints of the list of periodicals will be furnished upon request, as long as the 
supply lasts, by the editorial office. 
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1. Apparatus, Demonstrations, and Laboratory Practice 
2. Keeping Up with Chemistry 
(a) Recent Advances 
(b) Popular Articles 
(c) Practical Applications 
Scientific Reviews and Bibliographies 
(a) Chemical 
(b) Physical 
(c) Medical, etc. 
Historical and Biographical 
Teaching Objectives, Methods, and Suggestions 
(a) Chemistry (6) Other Sciences, if material is of actual 
value to chemistry teachers 
Administrative Problems and Devices; Curricula 
Educational Measurements and Data 
(a) Chemical 
(b) Scientific 
(c) General, if material is of actual value to chemistry teachers 
The Philosophy of Education When subject matter has some 
actual, though indirect, bearing 
9. The Philosophy of Science on chemical education 
10. Professional 
(a) Teaching 
(6) Chemistry 
11. Foreign Chemical and Educational Conditions 
12. General 


Abstracts will be classified in the sections to which they most logically 
belong. The abstractor is requested to designate in the lower left-hand 
corner of the abstract manuscript the classification heading by number 
(and letter in some cases) under which he believes the abstract should 
be placed. If cross-reference to other sections seems desirable, this should 
be indicated by such a sign as X5a, which means, “insert title under 
heading 5a also.”’ 


Nature of the Abstract 


In general, it may be said that only articles under headings (1) and (5) 
above should be abstracted at any length. Articles falling under other 
headings should be treated more briefly, the length of the abstract being 
in direct proportion to the closeness of the relation which the subject 
matter bears to the teaching of chemistry. The source of an article is 
also of importance in determining the amount of detail to include in the 
abstract. If the article appears in a periodical available to the majority 
of chemistry teachers (e. g., Science, School and Society, Scientific Monthly, 
the popular scientific magazines, etc.) a very brief abstract is sufficient. 
However, if the article appears in a periodical.less widely distributed 
among chemistry teachers than those indicated above, or in a foreign 
periodical, enough detail should be included in the abstract to make 
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reference to the original source unnecessary. This should be kept in 
mind especially in regard to articles falling under classifications (1) and 
(5), and also under (4) when the material is of general interest and not 
well known. It should be remembered, also, that clarity is a prime 
essential. 

Whenever possible within reasonable space limits, the abstract should 
constitute a digest rather than a description of the article abstracted. 
General statements about the contents of papers are desirable only for 
articles which fall under classification (3). If portraits, illustrations, or 
bibliographies accompany the article, a statement to that effect should be 
added at the end of the abstract. The occasion, if any, for which the 
article was written should be noted at the beginning of the abstract. In 
general, anonymous articles or editorials should not be abstracted. 

Abstracts should be written in good English and in complete sen- 
tences—not in the style of a telegram. It is also well to avoid long and 
complex sentences. 


Contemporary News Material 


Abstractors are requested to report by title and complete periodical 
reference, only, all material suitable for the Contemporary News Section 
of the JOURNAL OF CHEMICAL EpucaTION. This material includes de- 
scriptions of new laboratories, accounts of meetings of general interest, 


medal awards and other honors, new courses, curriculum innovations, 
ete.—both American and foreign. This material will not be listed in the 
Abstract Section, but such periodical references will enable the JOURNAL 
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(Name of periodical) (day) (month) (year) 





Author Title Pages, inclusive 


fmith, Edgar C. Science in the city of London 515-17 
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staff to prepare more comprehensive notes for the Contemporary News 
Section. 

Report cards for this purpose will be furnished upon request by the edj. 
torial office. The desired form of the report card for Contemporary News 
material is shown at the bottom of page 563. 


Preparation of Abstract Manuscript 


1. All abstract manuscript should be in typewritten form, on paper 
approximately 8'/, x 11 inches. 

2. Double spacing and 1'/2-inch margins should be used to facilitate 
editing. 

3. Each abstract should be submitted on a separate sheet of paper, 
Half-sheets may be used for short abstracts but in such cases the lines 
should be parallel to the longer dimension of the half-sheets of paper. 

4. Heading. Care should be exercised to insure that all abstracts are 
properly headed. The heading should be continuous and include, in 
the order mentioned: 

(a) Title of article. Capitalize only the first letter in the first word 
and all proper names. Foreign titles should be translated. 

(6) Name or names in full of the author or authors. 

(c) Name of publication—use abbreviations indicated in the ‘List of 
Periodicals Abstracted by the JOURNAL OF CHEMICAL EpDUCATION.” 

(d) Volume only—not number in addition. 

(e) Pages inclusive. 

(f) Month and year. In the case of a weekly, day of month also. A 
typical abstract heading would be: 

Science in the city of London. EpcarC.Smirn. Nature, 128, 
515-7 (Sept. 26, 1931). 

5. Abstracts should not be paragraphed. 

6. Classification. Indicate in the lower left-hand corner of the abstract 
manuscript the classification heading number to which abstract is to be 
assigned. Indicate cross-references also, if any seem desirable. 

7. All abstracts should be signed with initials of abstractors. 

8. In matters of style, nomenclature, spelling, and abbreviation, ab- 
stractors will be guided by the usual editorial customs, as exemplified in 
the most recent issues of the JOURNAL OF CHEMICAL EDUCATION. 

9. Manuscript should be submitted promptly and regularly to the 
Editorial Office by the 10th of each month. 

Checking of Abstract Manuscript and Report Cards 

All abstractors are requested to check carefully the final manuscript 
to eliminate errors of copying. Especial attention should be given 
to authors’ names, page numbers, volume numbers,. dates of publica- 
tion, numerical data, and chemical and mathematiéal formulas. 








Abstracts 







APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Insulated clamps for ring stands. G. NapLer. Z. physik. chem. Unterricht, 44, 
966 (Nov.-Dec., 1931).— -When conducting experiments in the course of which current is 






used it is often necessary to insulate 
carbon rods, sheets, etc., by layers of 
paper, asbestos, and similar materials. 
Such a method is not always trust- 
worthy. A very neat and safe solution 
of this problem is shown by the in- 
sulated clamp (see figure). The two 
parts of the clamp are insulated by 
a layer of fiber or some other insulating 
material. Such a clamp can be made 
very easily from ordinary buret clamps. 
It is advisable to paint the electrically charged section of the clamp a distinctive color, 
e.g. red, to avoid trouble. ‘ Ss. 
Water-bath ring from glass. Chem.-Ztg.,55, 895 (Nov. 21, 1931).—A water-bath A 
ring made from glass is now manufactured. It can be used to take the place of the 
more expensive ordinary water-bath. The ring is simply placed on a beaker which is 
heated and the vessel containing the liquid to be evaporated is placed on top. Con- 
densed steam cannot run over the side of the beaker as, due to the peculiar shape of the 
glass ring, the liquid droplets are compelled to drop back intothe beaker. The rings are 
made in various sizes. LE. S. 
A sensitive direct-reading mercury manometer. H.W. MELviLLe, Jr. J. Chem. if 
Soc. (London), 1931, 2509-11.—Consists esseritially of a small inverted glass cup 
floating in mercury. The simple theory is: let the pressure of gas outside and inside of 
the cup be identical. The cup will then sink into the mercury until the weight of the 
liquid displaced is equal to the weight of the cup. The motion of the cup is ohserved by 
means of a fine glass pointer. The highest sensitivity reached was 2 X 1074 mm. of 
mercury. A sketch and further details are given in article. J. W. H. 
Home-made apparatus for the physics class. G.H.Hype. Sci. Educ., 15, 159-74 
(Mar., 1931).—A list of apparatus is offered which would cost considerably over. $100 t 
if purchased, but only a fraction of this when the teacher’s time is not considered. . The 
author gives a list of basic material needed; acknowledges that the manual training shop 
is a big aid; also acknowledges help from the pictures in the apparatus companies’ 
catalogs. There is a list of thirty-two pieces of apparatus which the author has con- 
structed, with detailed description of method; also list cost, and cost to the author. 
J. eG: 
The demonstration of artificial resins. S. B. BAMBERGER. Z. physik. chem. fs 
Unterricht, 44, 265 (Nov.-Dec., 1931).—The following experiment can be conducted 
easily during a lecture or in the laboratory. Dissolve about 3 g. of resorcinol in 5 ce. of 
water and add 3 to 4 cc. of formalin. On heating, an oily liquid is formed which proba- 
bly contains a condensation product that is soluble in water and in many solvents. To 
the boiling solution add 2 to 3 drops of a 15% solution of sodium or potassium hydroxide. 
A violent exothermic reaction.occurs with the formation of a red, brittle, solid con- 
densate which is nearly insoluble in most solvents. The condensate is amorphous and 
contains a large amount of water although a certain quantity of water has been evapo- 
rated due to the heat given off in the reaction. When the condensate is exposed to the 
air for a period of time or on heating it to a temperature of 100°C. the condeasate changes 
to an extremely hard, dark red product. Ls 
The treatment of hydrogen-ion concentrations for instructional purposes in high 
schools. H.BarnstorF. Z. physik. chem. Unterricht, 44, 255-61 (Nov.-Dec., 1931).— 
The author prefers the indicator method to the potentiometric method. Besides methyl 
violet, methyl orange, and litmus, he also uses the B D H Universal indicator. The 
indicator last named can be used for a pH of 3 to 12, 7..e., from moderately acid to moder- 
ately alkaline reaction whereby its color changes from dark red to red, orange, yellow, 
yellowish green, green, bluish green, blue, violet to;'finally, red-violet. The changes in 
color are very distinct. Only 2-3 drops are necessary for a pH determination. There- r 
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fore the substance is very economical to use. The price is RM 10.10 ($2.40) for 250) 
cc. The author employs methyl violet for a pH of 0 to 3 and indigo for a pH of 12 to 
14. The following experiments were conducted successfully using boiled distilled water 
and Jena glass. 

Experiment I. Demonstration of the Differences of the Degree of Dissociation of 
Various Acids at 20°C. 2 drops of the indicator are added to 3 cc. of the acid in different 
test tubes. 

TABLE I 


Acid Indicator Color pH Degree of Dissociation 
1 N HCl methyl violet orange 0 about 100% 
1 N CH;COOH methyl violet violet 3 about 0.1% 
A solution of COz, universal in- orange 5 about 0.001% 
saturated cold dicator 


Experiment II. Comparison of Various Concentrations of Hydrochloric Acid with 
1 N Acetic Acid at 20°C. Three drops of the indicator are added to 10 cc. of the solution. 


TABLE II 


Acid Normality . Indicator Color 
HCl 1 methyl violet orange yellow 
HCl 0.1 methyl] violet green 
HCl 0.01 methyl] violet blue 
HCl 0.001 methyl violet violet 
CH;COOH 1 methyl violet violet 


A similar experiment summarized in Table III can be employed when introducing 
the theories of ions and indicator. 


TABLE III 


Experiment No. I II III IV V 
Composition of 10 ce. dilute 2.5cc.of  2.5cc. of 2.5 cc. of 10 ce. 
solution HCl solution solution solution dilute 

I+30cc. 1 +30cce. III + 30cc. CH;COOH 
HO HO H.0 

Quantity of 0.1% 0.3 ce. 0.5 ce. 0.5 ce. 0.5 ce. 0.3 ee. 

methyl violet 
Color orange yellow green violet violet 
pH 0 0 1 3 3 


Experiment III. Qualitative Study of the Hydrolysis of Different Salts at 18°C. 
2 to 3 drops of the universal indicator are added to 5 cc. of 0.2 N salt solutions. 


TABLE IV 

No. Salt Color of Indicator pH Reaction 
NH,Cl orange-red 5 acid 
NaCl yellowish green 7 neutral 
Na2HPQ, bluish green 9 alkaline 
KNO: blue 9.5 alkaline 
NaeCO; violet 10 alkaline 
NaS reddish violet 10.5 alkaline 


Experiment IV. Quantitative Determination of the Degree of Hydrolysis of a 2 N 
Solution of Ammonium Chloride at Room Temperature. Three drops of the universal 
indicator are added to 10 cc. of the solution. The color is orange-red; the pH is 5. 
The solution has the same acidity as 10-5 N HCl. This can be shown by adding | ce. 
of the universal indicator to 3 drops of 1 N H€} and diluting until the color is orange- 
red. 50 cc. of the resulting solution are titrated with 0.001 N NaOH until the color is 
yellowish green. 1.5 cc. of 0.001 NNaOH are used. Therefore the 50 cc. of HCI con- 
tain 1.5 X 10-* mols of HCI. Hence, one liter of the acid contains 3 X 10~5 mols of 
HCl One liter of a 2 N solution of NH,Cl contains 2 mols of the salt. If the salt 
were 100% hydrolyzed, 2 mols of HCl would be formed. Therefore the per cent. de- 
composition is 
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xe = 15 X 10-8 = 0.0015% 
Experiment V. Effect of Temperature on the Hydrolysis of a 2 N Solution of 
Ammonium Chloride. The experiment is similar to Experiment IV. The solution is 
brought to boiling temperature several times, the resulting color is dark orange, the pH 


is 4. 





50 ce. of HCI of a pH of 4 neutralize 4.05 cc. of 0.001 N NaOH. 

50 cc. of HCI contain 4.05 X 10~* mols of HCl. 

100 ec. of HCI contain 8.1 K 10-5 mols of HCI. 

Therefore the hydrolysis at 100°C. is 4.05 K 107%. It is 2.7 times larger than the 
hydrolysis at room temperature. 

Experiment VI. Determination of the Partial Solubility of Glass in Water at 
100°C. The pH value of boiled distilled water was determined and found to be 7 
(color of universal indicator = yellowish green). Powdered window glass was added to 
100 cc. of water and heated in a 250-cc. Erlenmeyer flask made of Jena glass. After 
boiling for a period of time 10 cc. were tested with 2 drops of the universal indicator. 
A color of bluish green (pH = 9) was obtained from one kind of glass and a color of 
violet (pH = 10) from another. The amount of dissolved alkali can be determined by 


titration with 0.001 N HCI. 
Experiment VII. Action of Various Indicators. Add 3 drops of the indicator to 






5 ce. of 0.0001 N HCl 


TABLE V 
No. I II III 
Indicator methyl violet methyl orange litmus 
Color violet orange red 
Reaction alkaline neutral gr 












The microscopy of starch. H.Euuis. Textile Recorder, 49, 23-4 (May 15, oa 
lay PS Oe 
Microanalysis of yarns. E. R. Scuwarz. Textile World, 79, 50-3 (Apr. 18, 
1931).—Several methods of determining the twist in a yarn by using the microscope 
are described. Illustrated. Bok. 
Microanalysis of fabrics. E. R. Scuwarz. Textile World, 80, 46-8 (July 25, 
1931).—This article contains an explanation of the use of the microscope in analysis 
and synthesis of fabric structure. Illustrated. EE: 
Microscopy of cotton hairs. H. Exuis. Textile Recorder, 48, 26-9 (Mar. 15, 
1931).—Ellis describes the appearance of cotton under the microscope and gives four 
methods and reagents for micro-chemical reactions to determine which cotton is normal, 
immature, ‘“‘dead,” or damaged. Good illustrations. | fe BE, 8 


Textile microscopy. H. Exiis. Textile Recorder, 48, 29-30 (April 15, 1931).— 
This is a continuation of an article started in the March 15 issue. (See abstract im- 
mediately preceding.) A discussion of tests on cotton is concluded. The remainder of 
the article consists of a study of the microscopy of rayon. [Illustrations of the micro- 


scopic appearance of four kinds of rayon, and micro-chemical reactions to distinguish 
Be BUC. 


each kind are included. 
KEEPING UP WITH CHEMISTRY 


The story of alcohol. C.C. Prves. Am. J. Pharm., 103, 648-56 (Nov., 1931).— 
A Popular Science Lecture at the Philadelphia College of Pharmacy and Science. The 
word alcohol has a curious history. It was first used to designate cosmetic (Al-kohl, 
Arabic, a finely powdered black substance), probably stibnite or galena used by the 
ancients for staining the eyebrows and eyelashes. For many centuries the term was 
extended to mean any finely divided material. As late as the 19th century Sir Humphry 
Davy spoke of alcohol of sulfur meaning ‘‘precipitated sulfur.’”’ Today the word has 
extended its meaning to designate atomic arrangement and many “‘alcohols’’ are known 
including today the synthetic ones. Many think of alcohol only in connection with the 
18th amendment and know only about the illegitimate uses recorded by the daily press; 
whereas alcohol has thousands of legitimate uses, being the basic material for more than 
25,000 manufacturers who make such products as aspirin or chloroform, vinegar or 
insulin, photographic films or vacuum tubes, and a myriad of articles which are today a 
part of our daily lives. G. O. 
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Recent developments in activated carbon. M.ScnHorreLp. Chem. Age., 25, 421-9 
(Nov. 14, 1931).—Carbon is activated by heating it to 750-800°C. in the presence 
of activating agents such as certain metallic chlorides, phosphoric acid, nitrogen, steam 
oxides of carbon. The mechanism of activation is not thoroughly understood. Recent 
advances inthe following processes involve the use of activated carbon; purification of 
potable water, sugar refining and oil refining, purification of air and gases, recovery and 
cleaning of dry-cleaning solvents. The material is also finding use as an industriaj 
catalyst. E.R. W. 

Beryllium as a new industrial metal. J. BecKER. Chem. Age., 25, Mo. Met. 
Sect., 28-4 (Nov. 7, 1931).—The industrial importance of beryllium has been growing 
rapidly since its commercial introduction two years ago. This metal, which is one-third 
lighter than aluminum, is harder than glass and has a melting point of 1280°C. It js 
produced by.’electrochemical methods. Pure beryllium is used in windows of X-ray 
tubes; it is about seventeen times more permeable to X-rays than is aluminum. It js 
also an important reducing agent for cast copper. Most of the beryllium prepared js 
used in alloys, especially with copper, cobalt, and nickel. The properties and the results 
of heat treatment of these alloys are discussed. E.R. W. 

The metals in electrochemistry. L. KAHLENBERG. Trans. Am. Electrochem. 
Soc., LIX, 29-34 (1931).—The presidential address presented at the fifty-ninth general 
meeting of the Electrochemical Society, at Birmingham, Ala., April 24, 1931. This article 
contains a brief outline of the discovery of the metals and of the development of electro- 
chemistry. ‘‘The great problem today is not to find more new metals, but rather to 
reduce the present number by showing that they are complex, that they can actually 
be resolved into something simpler, and that they can be synthesized in actual prac- 
tice. . . . One who continually works with the metals in the chemical and physical labora- 
tories can hardly divest himself of the idea that there is something fundamental which 
the metals have in common that has thus far entirely escaped us.”’ 2. R.W. 

Iron mining in Utah. G. Martin. Explosives Eng., 9, 417-9 (Dec., 1931).—The 
unsuccessful efforts of the Mormons to establish the iron industry are described. In 
1922 a successful attempt was made and vast deposits are now being worked. A de- 
tailed account of modern blasting methods is included. E.L.G 

Who said “no more gold rushes.” O.H.KNEEN. Sci. and Inv., 18, 1065-8 (Apr., 
1931).—This is an interesting account of the finding of various important gold mines. 
The prospects for finding gold in the future are discussed. Illustrated. BE: Lo 

Alkali cyanides in industry. ANon. Chem. Age., 25, 443-4 (Nov. 21, 1931).— 
This article is a brief review of the use of cyanides in ore flotation, case hardening of steel 
in electroplating baths, and as a fumigant. c. R. 

Tincture of ferric chloride. A.Osor. Am. J. Pharm., 103, 638-43 (Nov., 1931).— 
It is a well-known fact that iron in tincture of ferric chloride is reduced on exposure to 
sunlight. The experiments here recorded show negligible quantities of ferrous iron in 
properly stored samples of tincture of ferric chloride. In samples of tincture of ferric 
chloride which contain appreciable quantities of ferrous salt, the total determination of 
iron by the iodide method must be preceded by oxidation of the reduced iron. Analysis 
of samples of exposed tincture shows almost no reduction in amber-colored bottles. 
Portions of tincture exposed to ultra-violet radiation develop considerable quantities of 
ferrous iron. Aqueous solutions of ferric chloride show very little reduction of iron after 
exposure to ultra-violet light. G. 0. 

Silicates at work. ANon. Silicate P’s & Q’s, 11 (Dec., 1931).—Nineteen examples 
of the applications of silicates are given to illustrate the range of processes in which sili- 
cates may be used. ; H. 7. 

The industrial compounds of fluorine. G. M. Dyson. Chem. Age, 25, 472-3 
(Nov. 28, 1931)—Fluorspar or calcium fluoride, and cryolite, or sodium aluminum 
fluoride, are the principal naturally occurring fluorine compounds. The main use of 
fluorspar is in the smelting industry where it serves to render slags more fluid. Cryolite 
is important in the metallurgy of aluminum. Hydrofluoric acid is important for etching, 
surface treating, and cleaning glass. Other compounds of importance are: sodium 
fluoride, acid sodium fluoride, acid ammonium fluoride, sodium antimony fluoride, and 
the silico-fluorides of sodium and of zinc. . E. R. W. 

Nicotine. J. H. Rem. Chem. & Ind., 50, 954-6 (Nov. 20, 1931).—Nicotine is 
produced in the leaves of the tobacco plant by the action of sunlight, thin leaves may 
contain up to 8% nicotine while the root and stalk contain very little of the alkaloid. 
Nicotine is commercially removed from waste and low-grade tobacco by extraction with 
water, treatment with steam, or by destructive distillation. It is used chiefly in the 
manufacture of insecticides. E. R. W. 
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Dynamite’s giant power makes impossible tasks easy. C. R. SLAwreR. Pop. 
Sci., 120, 50-1, 114-5 (Jan., 1932).—The author visits the plant of a New Jersey con- 
cern and reports in a graphic manner the equipment, procedure, and precautions em- 
ployed in preparing nitroglycerin and in its later mixing with solid ingredients to become 
cartridges of dynamite. After a brief account of what can and cannot be done with 
safety in handling the dynamite the span of its uses is presented. Not all blasting may 
be done by the same type of dynamite. Gelatin dynamite is used for submarine work; 
a black powder variety is used in open coal mines; while the so-called straight dynamite 
js used in hard-rock and quarry work. Some of its varied uses include farm uses, remov- 
ing sub-sea wreckage, sculptoring of the Black Hills Rushmore relief, and of course in 
war-time destruction. B. C. H. 

On designing materials with specific rheological properties. E. C. BINGHAM. 
Chem. & ind., 50, 419T-24T (Nov. 13, 1931).—Association is a phenomenon which has 
hitherto concealed relationships between fluidity and molecular weight. The relation of 
chemical constitution to association is discussed and association is compared with 
polymerization and with condensation in regard to effects on fluidity. E.R. W. 

Historical sketch of logwood industry. -See this title, page 572. 

Manufacture of rolled plate. E. Lutz. Glass Ind., 12, 84-7, 103-7, 128-31, 
144-9, 166-71, 184-9, 204-7, 222-5, 242-5 (Apr. through Dec., 1931).—This series of 
articles discusses, first, the methods of inserting the rough plate into the oven, the tem- 
perature of the oven, and the practices involved in cooling down the sheet from oven to 
room temperature without cracking or warping. The problems involved in first heating 
up the lehr and the advantages of lehr over the single-chamber annealing kilns, with a 
detailed account of the operation of the lehr, are given. The treatment of glass plates 
following their removal from the lehr is described. A detailed and illustrated account of 
the cutting tables used in conjunction with the lehr and the work done on the tables is 
given. The purpose and methods of grinding and polishing rough glass, and a de- 
scription of the grinding and polishing shop with a survey of the old and new methods 
are given. The series of articles includes also a discussion of the various methods pat- 
ented to make polishing a continuous process, together with the patent numbers, illus- 
trations, and the name of the firm using each method. | gg oe 

Some recent developments in American glass manufacture. A. SILVERMAN. 
Glass ind., 12, 235-41 (Dec., 1931).—This paper was given first in French at the 10th 
Congress of Industrial Chemistry, Liege, Belgium, by Dr. Silverman, a delegate from 
the American Ceramic Society. It is chiefly a discussion of mechanical developments, 
considering the newer methods for continuous plate and sheet production; the rapid 
advances in laminated glass industry; development of new machinery in electric bulb 
industry; discussion of fuels used and other developments in glass industry. E. L. C. 

Notes on journal articles on nature of glass. See this title, page 570. 

Base exchange water softening in the Chicago district. G. BoRROWMAN. Chem. 
Bull., 18, 299-301 (Dec., 1931).—This article is a short historical sketch of the 
development of zeolites and a survey of the different materials that have been used in 
the base exchange process. H.. 2.8: 

Improved methods of water purification aid textile industry. D. R. WEEDON. 
Textile World, 79, 26-8 (May 23, 1931).—The necessity for pure, soft water in the textile 
industry is discussed. Methods are given by which it is softened, the color removed, 

algae killed, and proper pH maintained. Illustrated. BE. Lu. C. 

Recovery of tin-bearing wastes. V.FROELICHER. Textile World, 80, 25 (Sept. 19, 
1931)—This is an account of the method used at an up-to-date recovery plant to re- 

cover tin. mL 

Modern practice in disposal and recovery of textile wastes. W. E. HapLey. 
Textile World, 80, 34 (Sept. 19, 1931).—This is an excellent account of methods used to 

dispose of trade wastes from plants engaged in mercerizing, bleaching, and dyeing cotton, 
materials. In order to be dumped into a brook, waste has to be neutral, water-white 
and free from suspended matter. BiG 

Interesting sources of natural dyestuffs. C.D. Mery. Textile Colorist, 53, 187-9 
(Mar. 3, 1931).—This article contains a discussion of yellow dyes obtained from species 
of fopulus; facts about tropical American species of Anacardium rhinocarpus from which 
tannin is obtained; dyes obtained from cashew tree. The blue dye from tephrosia 
toxicaria, and the black dye for cotton from platycarya strobilacea (a walnut tree) are 
also described. bigs PAT Sa 

Interesting sources of natural dyestuffs. C.D. Meti. Textile Colorist, 53, 628 
(Sept., 1931).—Pine (cone and bark) produces tints which vary with different mordants 
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and with the material which is dyed. Bark contains tannin. Oswego tea (monarda 
didyma) furnished a rich crimson dyestuff to early settlers. E.L.¢ 

American synthetic yarn industry during 1930. C. E. MuLLIN. Textile Coloris 
53, 229-34 (Apr., 1931).—Mullin names the studies made in America of various aspects 
of the synthetic yarn industry andtheauthors. He givesalsoa brief discussion of Prices 
and of the search for new and cheaper sources of cellulose. Mention is made of the 
work done on chemical recovery and a brief account of improvements in spinning and 
other machinery is included. The development of production of fine filament yarn in 
America, and of finishing of yarns, is reviewed. A brief review is also included of the 
work done on delustered yarns and of the development of sheet cellulose products such 
as cellophane, lamicel, and others. (To be continued.) BE. Ee 

Giant molecules and synthetic silk. CAROTHERS AND HILL. Textile Recorder, 49 
41-2 (Oct., 1931).—This is a brief discussion of research work done on the building up f 
synthetic silk molecules. The product is not yet on the market. E. LG: 

Chemical constitution of wool and silk. C. E. MULLIN AND H. L. Hunter. Ter. 
tule Colorist, 53, 517-23, 599-603, 673-8, 744-8 (Aug. through Nov., 1931).—The first 
article is ‘‘an introduction to a review and discussion of the literature upon the chemical 
constitution of wool and silk, based upon the most recent work upon the proteins in 
general and the keratins in particular.’’ The protein literature which is most useful toa 
textile chemist is listed and a brief discussion of each book is given. The second article 
gives “‘a brief survey and discussion of the general constitution of the proteins with 
particular attention to the textile proteins, wool and silk; also, the classification of the 
proteins, molecular weight and complexity, variety or number of proteins, analysis and 
synthesis, the albuminoids or scleroproteins, the collagens, gelatin, elastin, reticulin, 
fibroin, and keratin.’’ Bibliography. The third article is a study of the amino acids 
and their importance in the chemistry of wool and silk. It includes a history of the 
amino acids, a chart giving the common and chemical name, empirical formula, year of 
discovery and name of discoverer, a table giving the structural formulas of acids, their 
physical characteristics, optical properties, solubility of a-acids, chemical reactions, 
decomposition of a-acids; also a brief discussion of protein soaps and acid compounds of 
amino acids. Bibliography. The fourth article contains a study of ‘‘the constitution 
of the albuminoids with special reference to the keratins and fibroin; the amino acids 
present in the keratins and fibroin; lanuginic acid; ultimate analyses and empirical 
formulas; the inorganic constituents of wool; nitrogen content; the complexity of the 
keratins and fibroin; the three proteins of wool.”’ Bibliography. ELL 

Distinction between viscose and cuprammonium rayon. J. BRENNAN. Textile 
Colorist, 53, 535 (Aug., 1931).—This article contains a review of tests formerly used and 
their deficiencies. The author discusses the use of direct cotton dyestuffs and the 
method of using them. Results obtained by the use of five different dyes due to th 
difference in affinity of the two rayons for these dyes are recorded. EB: L.'Cs 

Microanalysis of fabrics. See this title, page 567. 

From flax to fabric. W.H.Grsson. J. Textile Inst., 22, 83-9 (May, 1931).—The 
biological and chemical questions in connection with linen research are discussed by the 
director of the Linen Industrial Research Association. E. kL. ¢ 

Modern processes in wool dyeing. G. Watvace. Textile Colorist, 53, 759-62 
(Nov., 1931). E. L. C. 

Textile testing laboratory has demonstrable value. H.H. Wiis. Textile World, 
79, 38-9 (May 30, 1931).—The director of the textile department, Clemson College, 
South Carolina, describes the construction, arrangement, and testing machines of the 
textile testing laboratory which has just been installed. Several examples are given by 
which cotton mills profited by making use of data obtained from laboratory nah 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES 


Notes on journal articles on nature of glass. E. C. Sutiivan. Glass Ind., 12, 
215-20 (Nov., 1931).—This article is an excellent illustrated review of recent research 
work on the cause of peculiar properties of glass. E..L. © 

Some applications of the electronic theory of chemistry. _R. F. HUNTER. Chem. 
News, 143, 262-5, 293-5, 325-7 (1931).—These three articles include a discussion of 
fundamental postulates, normal covalency and coérdinate covalency, and lower and 
higher valencies of elements. F. B. D. 
American synthetic yarn industry during 1930. See this title, page 570. 
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HISTORICAL AND BIOGRAPHICAL 


Parker Cleaveland. (Frontispiece of March, 1932, J. Coem. Epuc.) (1) Smiru, E. F., 
“Chemistry in America,’ D. Appleton & Co., New York City, 1914, p. 221; (2) CLEAvE- 
tanp, N., AND PacKarpD, A. S., “History of Bowdoin College,” J. R. Osgood & Co., 
Boston, 1882, index; (3) NEWELL, L. C., AND Davis, T. L., “Notable New England 
Chemists,’ Swampscott, Mass., 1928 (reprint available from latter writer); (4) CLEAVE- 
ano, N.,-‘‘Address at the opening of the Cleaveland Cabinet of Bowdoin College,” 
J.R: Osgood & Co., Boston, 1873; (5) Woops, LEonarp, ‘Address on the Life and 
Character of Parker Cleaveland,” Joseph Griffin, Brunswick, Me., 1860. L..C.N: 

Couper century meeting. Chem. & Ind., 50, 931-2 (Nov. 13, 1932). E.R. W. 

Alexander Scott Couper. J.C. Irvine. Chem. & Ind., 50, 932-5 (Nov. 13, 1931).— 
Address given at a joint meeting of the Glasgow Sections of the Society of Chemical 
Industry and the Institute of Chemistry, held at Kirkintilloch on Oct. 9, 1931, on the 
occasion of a Couper centenary meeting. E.R. W. 

Edison, the greatest American of the century. E.Lupwic. Am. Mag., 112, 66-7 
(Dec., 1931).—‘‘I call him the greatest . . . because of the exceptional qualities of his 
human character. He combined the highest characteristics of his nation ... the im- 
perishable youthful ardor and fighting spirit; mature patience and persistence in 
achievement; kindly humor in the face of adversity; and, finally, intense devotion to 
the labor of turning ideas and theories into the practicable and useful.... The begin- 
ning of his career may have been an accident. The outcome, however, was all due to his 
character.” His wife once characterized him as a “patient-impulsive’’ individual. 
His development, by chemical means, of a paper that would receive and record telegraph 
signals at the rate of 1000 or more words per minute illustrates this quality. First he 
read everything to be found upon the subject. Then for eight weeks without once 
leaving his workshop he worked uninterruptedly, performing some 2000 different experi- 
ments, with success as the outcome. His philosophy in his words was: ‘Work. To 
discover the secrets of nature and use them for the good of all. To secure the most out 
of everything.”’ Ci 

Michael Faraday. W. Bracco. Sct. Mo., 33, 481-99 (Dec., 1931).—This is a lec- 
ture delivered in celebration of the 100th anniversary of Faraday’s discovery of the rela- 
tion between magnetism and electricity. G. W. S. 

Faraday and marine boilers. Nature, 128, 1031 (Dec. 19, 1931).—In 1822 Mr. 
Faraday, who described himself as a chemical assistant in the Royal Institution to Mr. 
Brande, gave some evidence before a committee of the House of Commons upon the 
chemistry of steam raising. Steam vessels had just been introduced for carrying the 
mails between France and England, and as sea water was used in the boilers it soon be- 
came evident that there would be much trouble from the incrustations. Faraday pre- 
pared the long memorandum for the committee under a later date in which he made 
some valuable suggestions regarding the use of sea water in the boilers: first, that the 
engineers should be provided with hydrometers to measure the density of the water; 
second, that the density of the water in the boiler could be kept down by a continuous 
system of brining; and third, that the action of acids could be neutralized by the use of 
lime, potash, or soda, and, if copper boilers were to be used, iron bolts and fastenings 
should not be employed. This article is of interest because it shows the extent to which 
Faraday was called upon to give general advice. F. B. D. 

Lister’s antiseptic treatment. ‘A classic of science.” (Reprint of Lister’s Lancet 

article.) Sci. News Letter, 20, 314 (Nov. 14, 1931).—Lister perceived that in compound 
fractures serious infection often resulted, while in simple fractures no such complica- 
tions resulted. Bearing in mind that blood maintained at body temperature in inert 
vessels exposed to the air quickly decomposes, he reasoned that infection came from 
without. The results of carbolic acid treatment in sewage disposal suggested that it 
might also be applied in compound fractures. The first attempt to use carbolic acid 
was a failure, but as the method of application was improved good results were ob- 
tained, and thousands have been spared much pain and suffering by the use of it and 
other antiseptics. js i 

_ James Clerk Maxwell. E. H. Harr. Sci. Mo., 33, 501-11 (Dec., 1931).—A 
biographical sketch. A number of photographs and drawings are included. “te 


Joseph Priestley and his place in the history of science. P. Hartoc. Chem. News, 
143, 281-7, 295-303 (Oct., 1931).—This is the address in full. A résumé of it in Nature 
was noted previously. [See J. Cuem. Epuc., 8, 2460 (Dec., 1931).] F. Be Dd. 

The metals in electrochemistry. See this title, page 567. 
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The story of alcohol. See this title, page 567. 

Base exchange water softening in the Chicago district. Sce this title, page 569, 

Historical sketch of logwood industry. C. D. Meti. Textile Colorist, 53, 333 
(May, 1931); 402 (June, 1931). E.L.C 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


Needed objectives for our schools. V. Morawetz. Aflantic Mo., 148, 8024 
(1931).—The greatest aids to success and happiness are: (1) a sound and yi 
body, (2) ability to speak and write one’s own language clearly and forcibly, (3) ability 
to think clearly, (4) character. One of the chief aims of our schools, therefore, should 
be the training of the mind to think clearly. Education of the young should not consist 
merely in memorizing book learning. Colleges should make their entrance requirements 
tests of the capacity of applicants for higher education rather than tests of memory, 
The principal objective should always be to train students to think straight and to 
express themselves in good English. All teachers, therefore, should be selected with 
special reference to their clarity of mind and their mastery of the English language. 

G. W.S. 

The pandemic idea in high-school chemistry. G. F. SrroHaver. Rep. New 
Eng. Assoc. Chem. Teachers, 33, 39-44 (Nov., 1931).—Whenever the pandemic course 
in college is properly handled it makes converts to chemistry. Unfortunately, these 
same students have not laid the type of foundation necessary for the advancing courses 
in chemistry. They have almost lost a year but found themselves during the pandemic 
year. This might mean that if they had been exposed to a pandemic year previously in 
high school that they would have found themselves. Such a course would inject much 
information of a nature more useful, more vital to life and living to students of an im- 
pressionable age who are not likely to forget it. 0. C. 

Some of the fallacies of colloid chemistry. T.L.Kertiy. Rep. New Eng. Assoc. 
Chem. Teachers, 33, 35-9 (Nov., 1931).—The fallacious explanation that the dissolving 
power of aqua regia is due to the presence of nascent chlorine which is a more active 
oxidizing agent than nitric acid is corrected. The chloroplatinate ion is formed readily 
and is much more stable than the platinum nitrate which might be formed by the action 
of nitric acid alone. Other fallacies are: (1) Thomas Graham is the father of colloid 
chemistry, (2) crystalloids diffuse through parchment and colloids do not, (3) a gold sol 
can be made by arcing gold under distilled water, (4) ultra-filtration is a test for col- 
loidality, (5) Tyndall cone is a sure test for colloidality. The correct explanations with 
references are given in the article. O3€ 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


The proposed 1932 college testing program of the codperative test service. J. B. 
Jounson. Bull. Am. Assoc. Univ. Profs., 17, 516-8 (Nov., 1931).—The author is 
chairman of a committee of the American Association of University Professors. The 
college testing program is under the auspices of the American Council on Education. 
The general objective is to enlist the interest of college authorities and faculties ina 
nation-wide codéperative program in the use of comparable college achievement tests. 
A committee of the North Central Association of Colleges and Secondary Schools joins 
the committee of the American Association of University Professors in recommending 
the use of this program of tests. In brief: (1) All the colleges, teachers’ colleges, and 
junior colleges throughout the country are invited to participate in a codperative testing 
program in 1932. (2) The tests will be given to sophomores simultaneously, the date 
suggested being May 34, 1932. (3) It is recommended that each college use the same 
minimum selection from the tests given to sophomores in the Pennsylvania study. The 
same tests may be given to other classes in any college desiring to do so. (4) All tests 
will be scored centrally under the direction of the advisory committee and reports given 
to each college on the scores of its own students. The results of the test will be kept 
strictly confidential between each college and the committee. (5) Each college will 
pay the necessary cost per student for printing the test, scoring and reporting. (! 
This committee (of the American Association of University Professors) will offer its 
services for the consideration of proposals for the extension of codperative testing I 
future years. A report on the three-year program of testing in forty-nine colleges in 
Pennsylvania is in preparation and will soon be issued by the Carnegie Foundation for 
the Advancement of Teaching. B. Cm 
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EDUCATIONAL MEASUREMENTS AND DATA 


Reliability of teachers’ grades in science. R.C. Perry. High-Sch. Teacher, 7, 
356 (Nov., 1931).—The average science teacher believes that teachers’ grades in science 
have a higher degree of reliability than grades in a more abstract study. To test the 
validity of this belief, a comprehensive test on mechanics of fluids was devised including 
one hundred multiple-response and one hundred true-false items. Eight teachers of 195 
students in five high schools were asked to submit grades as soon as their classes finished 
that unit. This was done in the ninth or tenth week of instruction. The test was given 
during the tenth week and the papers given to the experimenter for checking. The 
teachers were asked to regrade each student at the end of the semester, giving each 
student the grade the teacher realized had been earned by the tenth week. The mental 
age of each student was obtained from the school files. 

The reliability of the tests was better than 0.900. The reliability of the teachers’ 
grades on their own pupils was 0.469. The reliability of the grades given by the average 
elementary school teacher is 0.4 to 0.5. H. T. B. 

The pupil checks the teacher. See this title, below. 


THE PHILOSOPHY OF EDUCATION 


Examinations in the university of life. O.D. Younc. Educ. Record, 12, 408-16 
(Oct., 1931).—In this widely quoted address made at the commencement exercises of the 
Summer School of St. Lawrence University, August 14, 1931, Mr. Young urged the 
graduates to ask themselves five questions in order that they might discover their 
strength and weakness. The five questions Mr. Young asked were: (1) Have you 
enlarged your knowledge of obligations and increased your capacity to perform them? 
(2) Have you developed your intuitions and made more sensitive your emotions? 
(3) Have you discovered your mental aptitude? (4) Have you learned enough about 
the machinery of society and its history to enable you to apply your gifts effectively? 
(5) Have you acquired adequate skill in communication with others? In the opinion of 
Mr. Young, satisfactory results from this self-examination are essential to — 

. M.-P: 
THE PHILOSOPHY OF SCIENCE 


What science really is. A.H.Compron. Sci. Am., 146, 32-3 (Jan., 1932).—The 
“idea of science’’ is the reason that leadership in human progress has passed from the 
East to the West. To quote the author, ‘‘the idea of science is simply an attitude that 
men may have toward the world. It is a desire to find out how this outside environ- 
ment, in which they live, works, coupled with a desire to increase their power to control 
it. It is an attitude that looks at life, determines its methods of operation, and adjusts 
them, so far as is possible, to human needs.’’ All great scientists have had this point of 
view. The advance of civilization and the hope for its future depend upon a 

. M. 


PROFESSIONAL 


The pupil checks the teacher. A.E.F.ScHarrie. Sch. Exec. Mag., 51, 151 (Dec., 
1931).—The author believes too little credit is given to the opinions of young folks in 
secondary schools and colleges concerning their teachers and that such opinions should 
be considered in rating teachers. Teachers do not fool many students for a long period 
of time, although some of them may think that they do. Students are very keen in 
judging the worth of the teacher. Reports are made from surveys of fifteen secondary 
schools and a group of 161 advanced seniors. Each set of students was asked to submit, 
in the order of their importance, their ideas of the outstanding qualities of teachers, both 
desirable and undesirable. As examples a group of 820 high-school seniors picked as 
the first ten good qualities in the order named: impartiality, knowledge, interest in 
students, pleasing personality, facility in explanation, fairness in judgment, sense of humor, 
Pleasant disposition, ability to get subject across, clearness of assignments; as undesirable 
qualities in the order named: partial, poor disciplinarian, loses self-control, uninterested, 
sarcastic, impatient, unfair, too strict, inability to impart knowledge, inability to express 
thoughts clearly. J. W. H. 

Teacher participation in community affairs. E.S. Hotpeck. Sch. Exec. Mag., 51, 
176 (Dec., 1931).—Criticisms emanating from many quarters are heaped upon teachers 
because they seem to lack interest in community projects and affairs. People engaged 
i various enterprises fail to understand school people and their true relationship to 
society. For the most part this is the fault of the teacher. Her job is only half finished 
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if she confines her work to the classroom. Through personal, social, and communi 
contact teachers find materials and facts for courses of study. The public must he 
informed of school policies if teachers are to get the finest support and interest financial 
morally, and otherwise. Through clubs, parent-teacher associations, church work pa 
community activities they have every opportunity for leadership and expression, — 
The community has some responsibility in furnishing decent salaries, better housing 
conditions, and tenure of office. By working together an effective scheme of education 
can be produced. J. W.H 
Significant actions and criteria of achievement. ANon. Educ. Record, 12, 420-3} 
(Oct., 1931).—This article gives a composite description of the significant activities of an 
organic chemist and of the criteria by which the quality of his performance is appraised 
Nineteen items are listed. Some items apply to every successful organic chemist, others 
relate more specifically to research chemists, others to the industrial organic chemist, 
and others to teachers of organic chemistry. C. M. P. 
Too many chemists? Epit. Chem. Bull., 18, 302-3 (Dec., 1931).—It has been 
suggested that the supply of chemists should be limited at its source. However, the 
student who takes chemistry for its cultural value deserves to be considered. ‘Man's 
curiosity comes from within, and his inspiration is seldom guided without depleting its 
force.’’ The older industries have been slow to change over to technical control of 
production. The chemist, because of his training, should make a good operating super. 
visor. It is likely that many chemists will be absorbed in this field. bs By fis 
Education and unemployment. R. A. MiLiiKan. Adlantic Mo., 148, 804-10 
(Dec., 1931).—Through the recent growth of science and its application to industry, 
many people have been freed from growing the products needed for food and clothing and 
are available for supplying other types of human wants. The growth of civilization 
may be defined roughly as the process of the multiplication of human wants. Although 
many such new wants as automobiles, radios, cosmetics, etc., have been introduced, we 
still do not know what to do with our surplus wheat. Because of the enormous increase 
in enrolment in American high schools, colleges, and universities since 1900, Millikan 
classes education as a great new want which is wholly beneficent if wisely used and which 
has an unlimited capacity for consumption. As a financial organization, it is larger 
than the United States Steel Corporation. It gives employment to more people. No 
new technic of distribution needs to be developed to utilize it to obtain a better educated 
electorate, which should mean better government and ever-increasing sanity and happi- 
ness in the living habits of the people. The prevention of an oversupply of the “white 
collar’ class is also discussed G. W. §. 


GENERAL 


Fortunes built on gold from garbage. B. Sparks. Pop. Sci., 120, 20-1, 126-7 
(Jan., 1932).—Riker’s Island, New York, has been more than doubled in size by garbage- 
built land. Hunt’s Point, seat of the electric light and power plant, was a garbage 
dump ten years ago. Van Cortlandt Park is built upon ground that was formerly a 
swamp and the latest playground to be added to New York’s many was reclaimed from 
Corona Dump. 

Not only has the city increased its taxable holdings by using refuse to reclaim 
swampy places or enlarge islands, but some of its citizens have actually built fortunes 
upon the trimmings from these dumps. One man is known to have become a million- 
aire in this business. 

A chemist reader of the article is impressed with the dearth of science being applied 
in the salvage practiced upon the waste from this large city. B. Ci. 

Deepest oil well opens new fields two miles down. S. Gieason. Pop. Sci., 119, 
20-1, 135-6 (Dec., 1931).—Overlooking the Pacific near Seadcliff, Calif., stands a der- 
rick some two hundred feet high. This derrick serves the world’s deepest oil well, 
10,030 feet. The account of the difficulties overcome by engineers and workmen in 
handling the drills, the casings, and the pumping make a tale of more than passing it- 
terest. Aside from the interest geologists have in these subterranean excursions, the 
motivating urge which has led to their success is the search for oil. CE 

The science of voice. D.Sranitey. J. Franklin Inst., 211, 405-55 (Apr., 1931).— 
Researchers, assisted by many physicists, medical men, and The Bell Telephone labora- 
tories, have destroyed practically every theory held by vocal teachers the world over. 
The author gives an outline of his findings. A good voice is not individual and the de- 
gree to which the pupil can be trained depends rather upon his tractability and innate 
talent than upon his natural vocal equipment. The voice is not a “stream of breath.” 
At the"tformal intensity of the voice, the breath expulsion is at the minimum. The 
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teaching of “breath control”’ must inevitably lead to ‘‘throatiness’’ and voice deteriora- 
























Must be H tion, The “vibrate” takes the place of “‘breath control.’’ The vibrate is the result of a 
MMancially iodically applied impulse to all muscles which coérdinate in the act of phonation. 
Work, and The frequency of the vibrate is about six a second. The action of the vibrating mecha- i 
on, nism (the larnyx) and vocal cords and the accompanying rauscles (the arytenoid and the 
er housi crico-thyroid) are discussed at length. The range of every properly produced voice 
education should be at least three octaves and sometimes nearly four can be reached. Incorrect 

W. # registration cuts off at least one octave. The possible resonance cavities are Trachea 
2, 429-31 Band Bronchi, Laryngeal Pharynx, Oral Pharynx, Nasal Cavity, and Sinuses, The mouth 
ities of an should not be a resonator. There is no fundamental difference between the singing and 
‘Praised. F the speaking voice except inasmuch as (1) the vowels are far more sustained in singing 
St, others than in speech; (2) there is no vibrate in speech; (3) in singing, the picture is painted 

chemist, on a far larger scale than in speech, and, therefore the intensity is far greater (thus the 

M. P. general pitch is far higher), the range is far wider, and the articulation is much stronger. 
has been B The speaking voice is discussed at length. The author feels that in codperation with 
ver, the his colleagues, he has laid the foundations for a serious scientific study of the voice, and 

Man's established certain definite fundamental principles. Definite courses of training should 
rs. : be taken by vocal teachers and they should be licensed by the state. .H.G. 
ntrol o 
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dustry, Explains peculiarity of sunlight colors. That shining atoms throwing light waves 

ing and into the spectroscopes of scientists, quiver at a slightly different rate on the swirling, 

— boiling surface of the sun than on earth because of different electrical states of the earth 
ough and sun, is the theory advanced by Dr. Fernando Sanford, professor emeritus of physics 
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at Stanford University. 
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fillikan The light-emitting electrons within the atom are attracted to different extents by 

bee the central positive nucleus of the atom, according to the electric ‘‘field” in which they ’ 
arger 






are immersed, says Dr. Sanford. 
The difference in the electron vibration rates on the earth and the sun, which pro- 
duces a shift of color of spectrum lines, is then due to the fact that the electrical state of 










— the neighborhood of the earth is different from that in the neighborhood of the sun. 
oe The known fact that the electrical charge of a metal body changes as it is raised up 
in the air supports this idea. The electrical ‘‘field strength” is different at different ' 
126-7 heights. 
‘bage- Modern quantum physicists, however, will point out, in connection with Dr. San- 
_ ford’s idea, that the vibrations of the light waves and the vibrations of the electrons 
pul with'n the atom are not necessarily in step. Classical physicists of the last century be- 






lieved they were the same. Nowadays this is true only in special cases.—Science Service 

Finds sex differences in oxygen need of tissues. One more difference between the 
sexes has just been found by science. This is a difference in the oxygen demands of the 
tissues, and was reported to the recent meeting of the National Academy of Sciences in 
New Haven by Dr. Oscar Riddle of the Carnegie Institution of Washington. 

In investigations on ring doves and pigeons, Dr. Riddle found that hemoglobin and 
ted blood cells exist in different quantities in the blood of the two sexes, the males having 
a larger quantity of these oxygen carriers of the blood. The quantities of these cells 
also vary with changes in seasons, as does the basal heat production of these animals 
The changes in quantity of hemoglobin and red blood cells correspond closely with the 
seasonal changes in heat production. 

“The oxygen carriers of the blood fluctuate with the oxygen demands of the tissues, 
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ra- and their sex difference reflects unequal oxygen demands of male and female tissues,” 
pi Dr. Riddle concluded. 

ate These oxygen carriers therefore seem to reflect primary sex difference and to contrib- 
hag ute further evidence to the theory that energy changes in-the female go on more slowly 
‘he and in a more acid medium than in the male.—Science Service 














| Contemporary News in Science and Education 








NEW ORLEANS MEETING OF THE A. C. S. 
March 28 to April 1, 1932 


A preliminary notice which was directed particularly to prospective authors of 
papers, appeared in the February issue of the JouRNAL oF CHEMICAL Epucatioy 
(pp. 379-80), while the final details of the divisional program will be published in the 
April number (off the press about March 20). The complete program of the entire 
convention will appear in the March 20th News Edition of Industrial and Engineering 
Chemistry. 

Prospective authors are particularly urged to read the rules governing the prepara- 
tion and presentation of papers on pages 379-80 of the February issue of the Journat, 

Members of the Editorial Board of the Division will meet at 5:00 p.m. Tuesday 
and have dinner together at 6:00 p.m. 

The Senate of Chemical Education will meet Wednesday at 2:00 P.M. to receive 
and ‘discuss reports of standing committees, following which there will be a business 
meeting of the Division at 4:00 p.m. 


Tentative Program 
Monpay, Marcu 28 


7:30 a.M. Breakfast meeting—Executive Committee, Division of Chemical Education, 
8:00 a.m. Registration—Roosevelt Hotel (Headquarters). 
9:30 a.m. Council meeting. 
12:15 p.m. Luncheon meeting—Executive Committee, Division of Chemical Education, 
2:00 p.m. General program. 
7:00 p.m. Subscription dinner, followed by a musical entertainment and dancing. 
TUESDAY, MARCH 29 
9:00 a.m. Miscellaneous papers—Division of Chemical Education. 
12:30 p.m. Luncheon, Division of Chemical Education. (Non-member teachers of 
chemistry in the New Orleans area invited.) 
2:00 p.m. Miscellaneous papers—Division of Chemical Education. 
5:00 p.m. Editors’ meeting—JOURNAL OF CHEMICAL EpucaTIon and The Chemistry 
Leaflet. 
6:00 p.m. Editors’ dinner. 
8:00 p.m. Complimentary boat ride, entertainment, supper, and smoker (Steamer 
“‘Capitol’’). 
WEDNESDAY, Marcu 30 
9:00 a.m. Symposium on ‘“‘Chemistry in Biology and Medicine.” 
(Joint meeting of the Divisions of Biological Chemistry, Chemical Edu- 
cation, and Medicinal Chemistry.) 
1. Recent Advances in Biochemistry—R. A. DuTCHER. 
2. Recent Advances in Medicinal Chemistry—G. H. A. CLowEs. 
3. Contributions of Chemistry to Better Health—OLiveR KAMM. 
4. Premedical Requirements in Chemistry—Jack P. MONTGOMERY. 
2:00 p.m. Meeting of the Senate of Chemical Education. 
4:00 p.m. Business meeting of the Division of Chemical Education. 


8:30 P.M. 


Public address and musical entertainment. 
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Inspection trips. 


member chemists. 
$3.00. 


Orleans, La. 


17 LEXINGTON AVENUE 
New York, N. Y. 


By act of the board of regents of the 
University of Washington, a new interde- 
partmental research organization, known 
as the Oceanographic Laboratories, was 
created March, 1930, to investigate ma- 
rine problems. PROFESSOR THOMAS G. 
THomPpson of the chemistry department 
and for several years interested in oceano- 
graphic research was named _ director. 
(Dr. Thompson is one of the contributing 
editors of the JOURNAL OF CHEMICAL EDu- 
CATION.) 

Modern trends of oceanic research have 
shown the necessity of the coéperation of 
several branches of science. At this time 
the staff includes two zodlogists, two 
botanists, a physicist, and two chemists. 
At some future date it is hoped to add a 
geologist, a bacteriologist, and perhaps a 
mathematician. These staff members de- 
vote two-thirds of their time to instruc- 
tional work in their respective depart- 
ments and the remainder to oceanographic 
research. 

On the University of Washington 
campus an Oceanographic Laboratory, 
62’ X 185’, easily accessible by boat from 
Puget Sound via the Washington Canal, 
is nearing completion. This laboratory 
was made possible by a grant of $200,000 
from the Rockefeller Foundation and a 
$50,000 appropriation by the State of 
Washington. 

On the ground floor of this building are 
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THURSDAY, MARCH 31, AND FRIDAY, APRIL 1 


Student Attendance 


The A. C. S. welcomes graduate and undergraduate students to its national meet- 
ings. They are not asked to pay the $8.00 enrolment fee which is required of non- 
The student registration fee for the New Orleans meeting will be 


t 


The Division of Chemical Education supplements this invitation by promising 
“terminal facilities’ at a nominal cost to all who will correspond directly with the Local 
Secretary of the Division, Mr. WALTER G. ALLEE, Isidore Newman Scliool, New 


R. A. BAKER, Secretary 


OCEANOGRAPHY AT THE UNIVERSITY OF WASHINGTON 


two storage rooms, a utility room, sea- 
water tanks, three physics laboratories, 
a dark room equipped for spectral analy- 
sis, and four unassigned rooms. On the 
main floor are the offices of the director and 
his secretary, three chemical laboratories 
and a microchemical laboratory, a balance 
room, the plant physiological and botanical 
laboratory, astock room and two unas- 
signed laboratories. On the third floor is 
found the library, seminar room, an edi- 
torial room, two large zodlogical labora- 
tories, eight general research rooms, and a 
stock room. Each member of the staff 
also has been provided with his private 
research laboratory. In addition to the 
above there are nine small hood rooms, 
two small dark rooms and a large one, and 
distilled water and autoclave rooms located 
conveniently for use in the building. 

The main feature of the building is run- 
ning sea water maintained at the average 
temperature of the water of Puget Sound. 
The water will be brought in from Puget 
Sound by barge and stored in two large 
concrete tanks, each 20,000 gallons in size. 
To prevent contamination of the water by 
leaching the tanks have been specially 
coated with molten paraffin. All pipes 
in the salt-water system are either hard 
rubber or iron, lined with hard rubber. 
From the storage tanks the water is 
pumped into a rubber-lined tank of 1000 
gallons capacity located in the pent house 
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and there is cooled by artificial refrigera- 
tion to 10°C. From there it flows through 
the aquaria, etc., and then is aerated and 
filtered before going on to the storage tanks 
to be used again. 

During the summer months the research 
activities are shifted to the Friday Harbor 
Laboratories (seven fireproof research 
buildings and a dining hall), which are 
located about one hundred miles northwest 
of Seattle. They were formerly known as 
the Puget Sound Biological Station. 
From Friday Harbor the open sea is 
within easy reach of the new 75’, Diesel- 
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driven, research boat which is just now 
being constructed. Funds for the ¢op. 
struction and equipment of this boat were 
also provided by the Rockefeller Found. 
tion. Electric winches provide for bring. 
ing up deposits from the bottom of the 
ocean, or water and plankton samples 
down to depths of 2000 meters. A labo. 
ratory, 10’ X 18’, is also provided on board 
ship where work in the various fields of 
investigation may be conducted en route. 
It is expected that many interesting trips 
will be made on the Pacific Ocean as well 
as along the shores of Alaska. 


DEPARTMENT OF CHEMISTRY AT CORNELL COLLEGE REMODELED 


J. B. CULBERTSON, CORNELL COLLEGE, MT. VERNON, IOWA 


During the past summer and fall the 
department of chemistry at Cornell Col- 
lege, Mount Vernon, Iowa, has undergone 
an extensive change and enlargement of 
quarters. A fire in February. of 1924 al- 
most completely destroyed the old depart- 
ment in Science Hall. Although this 
building was restored, only a portion of 
the chemistry remained on one floor under 
one of the instructors and the other work 
of the department was in the hands of an- 
other instructor in a building some dis- 
tance away. According to the college 
catalog, these “‘temporary quarters” were 
occupied since the fire. 

A little over a year ago, Dr. NICHOLAS 
KNIGHT, professor in the department for 
thirty-two years, instituted a campaign 
for funds to remodel the first two floors 
of Science Hall for the department of 
chemistry. The response of alumni all 
over the country, who had their early 
chemistry training under Dr. Knight, bore 
splendid tribute to the high esteem in 
which he was held by them. 

The actual work of remodeling began 
last summer. Certain of the old parti- 
tions on both floors were removed and new 
ones placed to make a more convenient 
arrangement of rooms required for the 
department. The first floor is divided 
into a group of laboratories conveniently 
surrounding the main dispensing store- 
room. There is one large laboratory for 





general chemistry with new desks to ac- 
commodate ninety students working in 
three sections of thirty each, one labora- 
tory for qualitative analysis with desks 
for thirty-two students and another for 
quantitative analysis with desks for 
twenty-four students. In addition to 
these rooms on the first floor there is an 
instructor’s office and an analytical balance 
room, both located between the qualita- 
tive and quantitative laboratories. There 
is another small balance room for general 
chemistry just off the large laboratory. 
On the second floor are the main lecture 
room, a smaller classroom, a departmental 
library and reading room, the laboratory 
of organic chemistry with desks for twenty- 
eight, a laboratory for physical chemistry, 
a research laboratory, and another office. 
Centrally located to this group of rooms 
is a second-floor storeroom just above the 
one on the first floor. A lift provides easy 
transfer of material from one storeroom 
to the other. A section of the basement 
has been converted into a bulk storage 
room, a workshop, an acid room, and aa 
outside inflammables room, all of these 
conveniently reached from the main 
storeroom on the first floor. All of the 
laboratories are amply equipped with new 
hoods of the baffle-board type, the exhaust 
from which is carried through a system of 
ducts leading to a large fan operated by a 
motor on four different speeds. The fan 
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and motor are placed in a vent room built 
above and on the back section of the 
second floor. (A third floor front part of 
the building is occupied by the depart- 
ment of home economics.) Each hood is 
controlled by an individual damper. A 
steam-heated still and a sixty-gallon tin- 
lined copper storage tank located in a 
partitioned section of the vent house sup- 
ply distilled water through block tin lines 
to each of the laboratories. 

The new desks and hoods were pur- 
chased from the Kewaunee Manufacturing 
Company; the ventilation ducts, fan, and 
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motor came from the Chandler Pump 


Co. of Cedar Rapids, Iowa. 
The general plans and supervision of 


construction were in the hands of the 


writer. Special mention should be given 
to Dr. H. M. KE tty, department of biol- 
ogy, for valuable advice and counsel in 
making the partitioning plans, to Dr. 
R. A. NELSON, department of physics, for 
counsel on the ventilation, and to Mr. 
E. W. Situ, the college supervisor of 
heating and plumbing, for his unusual 
interest in directing the work on the 
plumbing and ventilation systems. 


CONANT AWARDED CHANDLER AND NICHOLS MEDALS 


Two outstanding scientific honors have 
been won this year by PROFESSOR JAMES 
BRYANT CONANT, chairman of the Divi- 
sion of Chemistry in Harvard University. 
The 1931 Chandler Medal of Columbia 
University for achievement in chemical 
science was awarded this organic chemist 
for research including work on free radi- 
cals, hemoglobin, reduction and oxidation 
of organic compounds, and quantitative 
studies of organic reactions. The William 
H. Nichols Medal of the New York Section 
of the American Chemical Society recog- 
nizes his work particularly in the chemistry 
of chlorophyll. Professor Conant re- 
ceived the Chandler Medal in Havemeyer 
Hall, Columbia University, on February 5, 
1932, at which time he discussed ‘‘Equi- 
libria and Rates of Some Organic Reac- 
tions.” At the Nichols Medal ceremony, 
which will take place at the meeting of the 
New York Section of the A. C. S. on 
March 11, 1932, the subject of his address 
will be “‘An Introduction to the Chloro- 
phyll Molecule.’”” PRoFESSOR JAMES F. 
Norris of Massachusetts Institute of 
Technology and Proressor Hans T. 
CLARKE of the College of Physicians and 
Surgeons of Columbia University will be 
other speakers. 

The late Dr. William H. Nichols es- 
tablished the Nichols Medal to encourage 
original research in chemistry. The 
Medal is awarded annually to the author 
of a paper or papers published in any 


of the American Chemical Society’s 
journals during the preceding three cal- 
endar years which in the judgment of the 
jury will have an important influence in 





Bachrach 
JAMES BRYANT CONANT 


stimulating original research in chemistry. 
PROFESSOR ARTHUR E. Hitt of New York 
University is the present chairman of the 
jury of award. Other members of the 
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CHANDLER MEDAL 


jury include Dr. D. P. MorGAN, JR., secre- 
tary-treasurer of the New York Section, 
and the following past three chairmen of 
the section: 
ing chemical engineer; Proressor R. R. 
RENSHAW, New York University; 
J. G. Davipson, the Carbide and Carbon 
Chemicals 
list of medalists [Ind. Eng. Chem., 23, 434 
(Apr., 


Dr. C. R. Downs, consult- 
Dr. 
Corporation. 


The complete 


1931)] for previous years follows: 


ol 


+. B. VOORHEES 

C. L. PARSONS 

M. T. BOGERT 

H. B. BisHop 

W. H. WALKER 

W. A. Noyes AnD H. C. WEBER 
L. H. BAEKELAND 

M. A. ROSANOFF AND C. W. EASLEY 
CHARLES JAMES 
Moses GOMBERG 
IRVING LANGMUIR 

C. S. Hupson 

T. B. JoHNSON 
IRVING LANGMUIR 

G. N. Lewis 

THOMAS MIDGLEY, Jr. 
CHARLES A. KRAuS 
E. C. FRANKLIN 
SAMUEL C. LIND 
ROGER ADAMS 

HuGu S. TAYLorR 
WILLIAM L. Evans 
SAMUEL E. SHEPPARD 
Joun ARTHUR WILSON 
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Friends of PROFESSOR CHANDLER Pte. 
sented to the Trustees of Columbia Upj. 
versity in 1910 a sum of money which 
constitutes the CHARLES FREDERICK 
CHANDLER FOUNDATION. The _ incom 
from the fund is used to provide a lectup 
by an eminent chemist and to provide g 
medal to be presented to the lecturer 
in further recognition of his achieye. 
ments in science. The last seven lecturers 
of this Foundation were: 


EDGAR F. SMITH 
ROBERT E. SWAIN 
E. C. KENDALL 

S. W. PARR 
Moses GOMBERG 
J. ARTHUR WILSON 
IRVING LANGMUIR 


Professor Conant, this year’s recipient 
of both of these medals, regarded as one 
of the most brilliant of the younger or- 
ganic chemists which this country has pro- 
duced, was born in Dorchester, Massa- 
chusetts, in 1893. After attending the 
Roxbury Latin School for six years he 
entered Harvard University, where he 
received the A.B. in 1913 and the Ph.D. in 
1916. Upon his graduation he became 
an instructor in chemistry at Harvard, 
and in the following year entered the army 
as a lieutenant in the Sanitary Corps, 
later becoming a major in the Research 
Division in the Chemical Warfare Service. 





NicHoLs MEDAL 
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At the close of the war, Professor Conant 
returned to Harvard as an assistant pro- 
fessor of chemistry. He became an as- 
sociate professor in 1925, and a full pro- 
fessor in 1927. Meanwhile he had acted 
as a visiting lecturer at the University of 
California summer school. 

Professor Conant is a former chairman 
of the Organic Division of the American 
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Chemical Society and of the Northeastern 
Section of the American Chemical Society. 
He is the author of ‘‘Organic Chemistry,”’ 
joint author of ‘‘ Practical Chemistry’’ and 
editor-in-chief of Volumes II and IX of 
“Organic Syntheses.”” He is a member of 
the American Academy of Arts and Sci- 
ences and of the National Academy of 
Sciences. 


AMERICAN INSTITUTE OF CHEMISTS MEDAL AWARDED HERTY 


The medal of the American Institute of 
Chemists, presented last year to ANDREW 
W. anp RicHarD B. MELLON [see J. 
Cuem. Epuc., 8, 993-4 (May, 1931)] has 
been awarded this year to. Dr. CHARLES 
H. Herty, according to an announcement 
by PRESIDENT FREDERICK E. BREITHUT. 
This medal is awarded annually for ‘‘note- 





Photo by 
Blank & Stoller, Inc. 


worthy and outstanding service to the 
Science and profession of chemistry in 
America,” and is given to Dr. Herty in 
recognition of his efforts over a long period 
of years in behalf of American chemists 
and the American chemical industry. 
Recently, Dr. Herty has aided the eco- 
nomic rehabilitation of the South by his 
researches on the paper pulp possibilities 


of the slash pine. This work is being 
perfected commercially in the new labora- 
tory built, for the State of Georgia by The 
Chemical Foundation, Inc. 

“More than any other chemist,”’ said 
Dr. Breithut in announcing the award, 
“‘Dr. Herty has held to the ideal of making 
the United States chemically self-sufficient, 
dependent on no foreign nation for indus- 
trial and pharmaceutical necessities. 

“Dr. Herty first made himself felt as 
an economic influence when his early re- 
searches at the University of Georgia re- 
volutionized the turpentine and naval 


‘stores industry. The Herty method of 


collecting turpentine greatly increased the 
productiveness of the pines. Other dis- 
coveries corrected wasteful methods of 
turpentine orcharding and conserved the 
forests. 

“Rising to national prominence, Dr. 
Herty served two years as president of 
the American Chemical Society, in the all- 
important years 1915-16. It was he who 
awakened the chemists of the country to 
their national responsibility. He co- 
operated in mobilizing the chemical man- 
power of the country and in taking a chemi- 
cal census which presented the national 
government with a detailed view of the 
chemical potentialities of the country. 

“In 1917, as editor of the Journal of In- 
dustrial and Engineering Chemistry, he 
made that publication a guiding influence 
among American chemists. He began 
the policy of educating the people about 
chemistry, and helped form the Chemical 
Warfare Service as a separate branch of 
the army. 

‘‘When the war was over, Dr. Herty in- 
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sisted that the United States remain 
chemically independent. He threw him- 
self into the fight for a tariff law which 
would protect the American chemical in- 
dustries and insure a supply of medicinals, 
dyes, and other essential chemicals. In 
carrying on this fight he resigned his edi- 
torial position and became president of 
the Synthetic Organic Chemical Manufac- 
turers’ Association. Under the tariff act 
of 1922, the chemical industry in the 
United States has grown and _ pros- 
pered. 

“Another act which furthered public 
welfare was Dr. Herty’s effort in behalf of 
the Ransdell Bill, which established the 
National Institute of Health and made 
health research a direct activity of the 
federal government. 

“In 1926 he became adviser to The 
Chemical Foundation, Inc., and assisted 
the Foundation’s activities in aiding 
American chemical industry and in educat- 
ing the public to the importance of chem- 
istry. 
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“All through Dr. Herty’s career he has 
devoted himself to the welfare of chemists 
and of the country at large. It is particy. 
larly appropriate that we should present 
him the medal at this time, when his lates 
investigations, on the southern pines, ar 
just reaching completion. If the South 
turns from cotton and makes its pines the 
basis of a new prosperity, that Prosperity 
will be largely due to Dr. Herty.” 

In addition to Secretary Mellon and his 
brother, awarded the medal of the 
American Institute of Chemists for estab. 
lishing the Mellon Institute, other past 
medalists are GEORGE EASTMAN [se 
J. Cuem. Epuc., 7, 957-8 (Apr., 1930)}, 
honored for his work in making fine organic 
chemicals available to the chemists of the 
country, and Mr. anp Mrs. FRancis P. 
GarVvAN [see the June, 1929, issue of 
J. Cuem. Epuc.] who established The 
Chemical Foundation, Inc. 

The presentation of the medal will take 
place at the annual meeting of the Insti- 
tute, to be held in New York in May. 


RICHARDS MEDAL AWARDED A. A. NOYES 


The Richards Gold Medal [see J. 
Cuem. Epuc., 7, 1709-10 (July, 1930) ] for 
conspicuous achievement in chemistry has 








Ind. Eng. Chem, 
From a painting by S. Seymour 
Thomas 


been awarded by the Northeastern Section 
of the American Chemical Society to Pro- 
FESSOR ARTHUR A. Noyes, director of the 


Gates Chemical Laboratory of the Cali- 
fornia Institute of Technology, Pasadena, 
California, according to an announcement 
just made by ProFessor WILLIAM P. 
RYAN, chairman of the Section. The 
medal will be presented at the time of the 
annual meeting early next May. 

The Richards Medal was established by 
the Northeastern Section in 1929 to com- 
memorate the many fundamental contti- 
butions made to chemistry by the late 
THEODORE WILLIAM RICHARDS, who was 
professor of chemistry in Harvard Univer- 
sity for over twenty-five years and the 
only American chemist to receive the 
Nobel prize. He was a member of the 
Northeastern Section for thirty years. A 
trust fund of $10,000 to endow the medal 
has been raised by a committee consisting 
of Lyman C. NEWELL, ARTHUR D. LITTLE, 
and JaMEs F. Norris. The medal was 
designed by Cyrus E. DALLin who was all 
intimate friend of Professor Richards. 

Arthur Amos Noyes, the first recipient 
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of the Richards Medal, was born at New- 
buryport, Massachusetts, in 1866. After 
graduation from the Massachusetts In- 
stitute of Technology he studied in Leipzig, 
where he received the degree of Ph.D. in 
1990. He taught at the Institute from 
1890 to 1919, and was acting president 
1907-09. He went to the California 
Institute of Technology in 1915 to assist 
in its organization and took up permanent 
residence there as professor of chemistry 
in 1919. In recognition of his contribu- 
tions to chemistry he has been elected to 
numerous scientific societies, has received 
many honorary degrees and has been 
awarded several medals including the 
Davy medal of the Royal Society of Lon- 
don. He is the author of books in quali- 
tative analysis, organic chemistry, and 
physical chemistry, and has published a 
large number of articles on his original 
researches in theoretical, analytical, and 
organic chemistry in American and foreign 
journals. As a chemist he stands in the 
front rank of American chemists. and has 
an international reputation, especially in 
the fields of qualitative analysis and physi- 
cal chemistry. Professor Noyes was a 
charter member of the Northeastern Sec- 
tion of the American Chemical Society and 
is well known in Boston, which is the head- 
quarters of this Section. 


CHEMISTRY AND THE BOY SCOUT 
MOVEMENT 


Are you interested in the Boy Scouts 
and their educational program? Do you 
know that hundreds of Scout troops are 
and have been fostering non-academic in- 
struction in chemistry, leading to a special 
“merit badge” in this subject? 

The Division of Chemical Education is 
anxious to assemble the names of chemists 
who are giving instruction to Boy Scouts 
or who are acting as merit badge exami- 
ners. The counsel of these interested 
persons is vitally needed to insure a virile 
and constructive program. 

Please send to the Secretary of the Di- 
vision the name of any chemist in your 
community, including your own, who is 





actually identified with the Scout move- 
ment. 








R. A. BAKER, Secretary 
Division of Chemical Education, A. C. S. 
17 Lexington Avenue 
New York City 










DR. MENDEL’S SIXTIETH BIRTHDAY 
CELEBRATED 






On the occasion of his sixtieth birthday 
anniversary, Dr. LAFAYETTE B. MENDEL, 
professor of physiological chemistry at 
Yale University, was presented on Febru- 
ary 5 with a portrait of himself by JoHN 
Quincy ApDAmMs, the noted Viennese 
artist. Over four hundred students and 

































associates participated in making the gift 
in recognition of Professor Mendel’s long 
and distinguished service as a teacher and 
as a leader in his field of science. 

Born in Delhi, New York, in 1872, 
Professor Mendel obtained his B.A. degree 
at Yale University in 1891. He began his 
services at Yale as a teacher of physio- 
logical chemistry in the following year. 
Except for periods of study at Breslau and 
Freiburg, Professor Mendel has thus been 
at Yale University continuously for forty 
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years. Since 1921 he has been Sterling 
Professor of Physiological Chemistry and 
he is a member of the governing boards of 
the School of Medicine, Sheffield Scien- 
tific School, and the Graduate School of 
Yale University. 

Dr. Mendel was a pioneer in this coun- 
try in the study of nutrition and is today 
among the greatest authorities in this 
field. He is best known for his analysis of 
the value of food constituents, as shown by 
their influence upon growth. His contri- 
butions have been made not only through 
research and publication but through the 
influence he has had upon scores of men 
and women, many of them distinguished 
scientists, who obtained their training 
under him. Much of Dr. Mendel’s work 
with proteins, vitamins, and other nu- 
tritional factors was carried out in co- 
operation with TaHomas Burr OSBORNE 
(1859-1929), the great authority on the 
chemistry of vegetable proteins. 

Many honors have been bestowed upon 
Dr. Mendel... The degree of Ph.D. was 
conferred upon him by Yale University in 
1893, and the honorary degree of Sc.D. 
by the University of Michigan in 1913. 
In 1927 he was the Gold Medalist of the 
American Institute of Chemists. Dr. 
Mendel is a member of many national 
scientific and educational societies, in this 
and other countries. 


ABEL, AUTHORITY ON GLANDULAR 
SECRETIONS, CHOSEN NEW PRESI- 
DENT OF SCIENTISTS 


A scientist who 
has advanced the 
knowledge of the 
secretions of the 
internal glands of 
the body, Dr. JoHN 
J. Apet of The 
Johns Hopkins 
Medical School, 
Baltimore, was 
elected president of 
the American As- 
sociation for the Advancement of Science 
at its meeting in New Orleans. He suc- 
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ceeds Dr. FRANnz Boas, noted anthro. 
pologist of Columbia University. 

Dr. Abel was the first to obtain jy 
chemically pure form the secretion of the 
adrenal glands, to which he gave the name 
epinephrine, also known as _ adrenalin, 


He also did the fundamental work which § 


led to its isolation, although the Japanese 
investigator, JoKICHI TAKAMINE, was 
first to obtain the substance in crystalline 
form. 

Dr. Abel was also successful in isolating 
the hormone of the pituitary gland and 
was first to obtain insulin, secretion of the 
pancreas, in crystalline form. His re. 
search has extended to many other sub. 
jects. 

In addition he has been an educator 
whose students have won distinction in 
many parts of the world. Dr. Abel re. 
cently announced that he would retire from 
teaching next fall, to devote himself 
exclusively to research. 

He was born in Cleveland in 1857, and 
was graduated from the University of 
Michigan in 1883. He has been honored 
with degrees, medals, and membership in 
scientific societies in this country and 
abroad. He has also founded and edited 
scientific journals —Science Service 


SCIENTIFIC RECOGNITIONS AND 
AWARDS DURING 1931 


(Copyright 1931 by Science Service) 


The Nobel prize in chemistry was 
divided between Dr. Friepricu C. R. 
Bercius of Heidelberg and Dr. Cari 
Boscu, head of the German I.G. Farben- 
industrie, for their development of the 
hydrogenation process of “‘liquefying” 
coal to obtain motor fuels, lubricating oils, 
methanol, and other chemical substances. 
[See J. CuemicaL EpucatIon, 9, 1734 
(Jan., 1932).] 

- The Nobel prize in medicine for 1931 
was awarded to Pror. OTro WARBURG of 
the Kaiser Wilhelm Institute for Biology, 
Berlin, for his important contributions in 
the fields of cancer, biological physics, and 
the respiratory function of the tissues. 
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[See J. CHEMICAL EpucaTIon, 9, 174-5 
(Jan., 1932). ] 

The Perkin medal was awarded by the 
American Section of the Society of 
Chemical Industry to Dr. CHarLes F. 
Burcess, of the Burgess Laboratories, 
Madison, Wis. [See J. Cuemicat Epv- 
CATION, 9, 383 (Feb., 1932). ] 

The Rumford Medal was awarded by 
the American Academy of Arts and 
Sciences to PRoF. Kart T. CompTon, 
president of the Massachusetts Institute 
of Technology. [See J. CHemicaL Epvu- 
caTION, 8, 1663 (Aug., 1931).] 

The Capper award founded by SEN. 
Artuur Capper of Kansas, consisting of a 
gold medal and five thousand dollars cash 
was given to Dr. L. O. Howarp, former 
chief of the Bureau of Entomology, for his 
distinguished service in leading the army 
of science against the armies of insects 
that threaten man’s crops, his forests, his 
house, and his health. [See J. CHemicaL 
EpucaTIon, 8, 1663 (Aug., 1931).] 

Franklin Medals were presented to 
Sir JAMES JEANS, British astronomer, and 
Dr. W. R. WuitNey, director of the 
research laboratories of the General 
Electric Company. 

The Willard Gibbs Medal was given to 
Dr. P. A. LEvENE of the Rockefeller 
Institute for Medical Research for his 
application of organic chemistry to bio- 
logic problems, especially in nucleic acids, 
amino sugars, and lecithins. [See J. 
CuHEMicaL EpucaTion, 8, 756-7, 1448 
(1931). ] 

Linus Pautinc of the California Insti- 
tute of Technology, who has made im- 
portant applications of the quantum 
theory to chemistry, was the first recipient 
of a new award given by the American 
Chemical Society for research in pure 
chemistry conducted by persons under 31 
years of age. [See J. CuemicaL Epv- 


CATION, 8, 2096 (Oct., 1931).] 

For their paper on high-voltage tubes, 
Dr. M. A. Tuve, Dr. L. R. HaFstab, and 
Opp Dau, of the Department of Terres- 
trial Magnetism of the Carnegie Institu- 
tion of Washington, were awarded the 


CONTEMPORARY NEWS 585 


$1000 prize at the Cleveland meeting of 
the American Association for the Ad- 
vancement of Science. [See J. CHEMICAL 
EpucaTIon, 8, 394-5 (Feb., 1931). ] 

The first annual prize of $10,000 to be 
given by the Popular Science Monthly 
was divided between Dr. Grorce H. 
WHIPPLE, of the University of Rochester 
School of Medicine and Dentistry, and 
Dr. GEORGE R. Minot, of the Harvard 
University Medical School, for their 
development of the liver treatment of 
anemia. [See J. CoEmMicaL EpucATION, 8, 
396 (Feb., 1931).] 

The American Chemical Society’s Nich- 
ols Medal was presented to JOHN ARTHUR 
WILSON, industrial chemist of Milwaukee, 
Wis., for his outstanding achievements in 
colloid chemistry. [See J. CHEMICAL 
EpucaTIoNn, 8, 757-9 (Apr., 1931).] 


MANY CENTENNIAL ANNIVER- 
SARIES OCCUR THIS YEAR 


The birth of the great patriot, GEORGE 
WASHINGTON, is not the only anniversary 
to be celebrated this year, it is pointed out 
in a report by Pror. W. C. EE Ls, of 
Stanford University, to the journal, 
School and Society, 35, 91-2 (Jan. 16, 
1932). 

Three hundred years ago this month 
Galileo’s famous work “‘Dialogo dei Duo 
Massimi Sistemi del Mondo,” expounding 
the Copernican theory was published. 
Twenty-four hundred years ago another 
great man was born—Socrates. Just one 
hundred years ago the first public school 
in Chicago was opened and special legisla- 
tion was passed providing for free public 
schools in New York City. In 1832 also, 
six of our colleges were first opened.— 
Science Service 


THE REMSEN MEMORIAL COLLEC- 
TION 


Former students in chemistry at The 
Johns Hopkins University, including non- 
graduates, have organized the Chemistry 
Alumni of The Johns Hopkins University 
with Dr. Harry N. Hotmgs, Oberlin 
College, as president and Dr. Lyman C. 
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NEWELL, Boston University, as secretary. 
Two meetings are held each year, ordi- 
narily at the time of the meetings of the 
American Chemical Society. 

At the last meeting it was voted to es- 
tablish THE REMSEN MEMoRIAL COLLEC- 
TION and a committee consisting of Dr. 
Lyman C. NEWELL, chairman, Dr. JOHN 
C. OLsEN, Polytechnic Institute, Brook- 
lyn, N. Y., and Dr. E. Emmet RE rp, The 
Johns Hopkins University, was appointed 
to take entire charge of this matter. The 
committee at present is anxious to obtain 
early portraits of Dr. Remsen, autograph 
letters on scientific subjects, and inscribed 
copies of the first, or an early, edition of 
his books, particularly books in a foreign 
language. Colleagues, associates, stu- 
dents, and friends of Dr. Remsen who have 
memorabilia of this kind are requested to 
write the chairman of the committee whose 
address is 688 Boylston St., Boston, Mass. 


PROFESSOR STOCK IS VISITING 
CORNELL ON BAKER LECTURESHIP 


The George Fisher Baker non-resident 
lecturer in chemistry at Cornell University 
for the second term of the present aca- 
demic year, February 15 to June 1, 
will be PROFESSOR ALFRED E. STock, 
director of the Chemical Institute of the 
Technische Hochschule of Karlsruhe, 
Germany. 

Professor Stock was born in Danzig in 
1876, and received the degree of doctor of 
philosophy, magna cum laude, from the 
University of Berlin in 1899. In 1898 
he held the position of lecture assistant 
under PROFESSOR Emit FIscHER at the 
University of Berlin, and from 1899 to 
1900 he carried on investigations in the 
laboratory of HENRI MolssaNn in Paris. 
Returning to Berlin he qualified for the 
position of privatdocent in 1904 and was 
promoted to a professorship in 1906. In 
1909 he went to Breslau as professor of 
inorganic chemistry in the newly founded 
Technische Hochschule there, and was 
appointed director of the Institute of 
Inorganic Chemistry. In 1925 he was 
called to the University of Miinster, but 
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before entering upon the duties of tha 
position he accepted appointment in the 
Kaiser Wilhelm Institute for Chemistry in 
Berlin-Dahlem, and became director of 
this institute and professor in the philo. 
sophical faculty of the University of Berlin 
in 1921. He resigned this position in 199% 
to accept appointment as director of the 
Chemical Institute of the Technische 
Hochschule of Karlsruhe. 

Professor Stock is one of the most 
versatile and gifted investigators in the 
field of inorganic chemistry, and his many 
investigations, numbering over 160, are 





characterized by brilliant experimental 
technic and convincing thoroughness. 
While at Cornell he will lecture upon the 
high-vacuum method for studying vola- 
tile substances, the chemistry of boron, 
the preparation and properties of beryl- 
lium, and chronic mercurial poisoning, 
discussing in detail the detection and 
determination of traces of mercury. 
His introductory public lecture, delivered 
on February 17, was upon ‘‘The Present 
State of the Natural Sciences.” His 
regular lectures began on Thursday, 
February 18. 
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TOOTH DECAY PREVENTED FOR 
FIRST TIME IN HISTORY 


(Copyright 1931 by Science Service) 


For the first time in history, dental 
caries or tooth decay has actually been 
prevented. This means that the end of 
toothaches and of rotting, decayed, and 
infected teeth, with their attendant ills, 
js now in sight. The method found 
effective to prevent tooth decay in ani- 
mals need only be applied to human 
beings. 

This achievement, the result of ten 
years of work with hundreds of animals 
and representing an immeasurable boon to 
mankind, has been accomplished by 
Dr. E. V. McCo.ivum, professor of bio- 
chemistry at The Johns Hopkins School of 
Hygiene and Public Health, and his 
associates, Dr. HENRY KLEIN and Dr. 
H. G. Kruse. A preliminary report 
appeared in a recent issue of Science. 
The complete report will appear in early 
issues of the Journal of Biological Chemis- 
tryand the Journal of the American Dental 
Association. 

“The quality of the saliva is the im- 

portant thing in determining whether 
teeth will decay and this is determined by 
the chemical composition of the blood,”’ 
said Dr. McCollum. The saliva, he has 
found, acts normally as a buffer solution 
30 that acid cannot accumulate and break 
down the enamel of the teeth. When this 
enamel is damaged, germs that are always 
present in the mouth get a chance at the 
teeth and decay follows. The saliva, 
however, cannot act as a buffer solution, 
keeping the mouth at just the right state 
between acid and alkaline, unless it 
contains a certain proportion of phos- 
phorus. There must be, in addition to a 
proper buffer quality for neutralizing acid 
formed by the fermentation of food resi- 
dues, a proper calcium and phosphate ion 
concentration in the saliva in contact 
with the enamel to prevent disintegra- 
tion of the surface molecules of that 
substance. 
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Phosphorus gets into the saliva from the 
blood. Blood gets its phosphorus from 
the foods eaten, specifically from such 
foods as milk, eggs, lean beef, beans, and 
peas, which are rich in phosphorus. 

Phosphorus is not quite all that is 
needed, however. Dr. McCollum and 
his associates found that no matter how 
much phosphorus is eaten in food, not 
enough of it will get into the blood and 
then into the saliva unless a certain 
amount of both calcium and vitamin D 
are also taken into the body. 

It is not possible to, say, eat so many 
pounds of this or that food every day, 
Dr. McCollum pointed out. But plenty 
of the foods that contain these three 
substances and plenty of sunshine to 
insure an abundance of vitamin D will 
keep the phosphorus in the saliva up to 
the right level and thus prevent tooth de- 
cay or dental caries. 

People with a “sweet tooth’ will be 
delighted to know that they can eat sugars 
and starches in abundance, according to 
the Baltimore investigators, and _ still 
prevent their teeth from decaying, if they 
keep the calcium-phosphorus level of their 
blood right and get plenty of vitamin D 
from sunshine or cod-liver oil or any of the 
foods that now contain it. Eating ex- 
cessive amounts of starch, candy, and 
sugar, tends to crowd out of the diet foods 
which are better constituted for the 
prevention of tooth decay and makes 
necessary a greater caution as to having 
the remainder of the diet of just the right 
composition. 

Calcium-rich foods are milk; eggs; 
watery vegetables, especially spinach, 
lettuce, and cabbage; and to a lesser 
extent fruits. Vitamin D is the sunshine 
vitamin, occurring wherever the ultra- 
violet rays from the sun or from artificial 
light strike the fat, ergosterol. Vitamin D 
occurs naturally in fish oils, egg yolk, 
butter fat, and whole milk. It has been 
put into certain other foods artificially, 
since science has shown that this may 
be done by exposing foods containing 
ergosterol to ultra-violet light. 
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POSSIBLE HORMONE FROM SPLEEN 
MAY CONTROL CANCER 


Evidence of a new hormone in the body 
which regulates cell activity and which 
should be able to check the growth of 
cancers when given in concentrated form 
was reported by Donatp C. A. Butts, 
Tuomas E. Hurr, and Erwin C. Manz of 
the Emery Laboratory, Hahnemann Hos- 
pital and Medical College, Philadelphia, 
at the recent meeting in New Orleans of 
the American Association for the Ad- 
vancement of Science. The possible 
hormone is secreted by the spleen, blood- 
forming organ of the body, and is either 
itself a sodium compound or is capable of 
governing the body’s use of sodium, 
important constituent of common salt. 

Normally this secretion or hormone is 
dissipated about the body by means of the 
circulating blood from which the tissues 
of the body absorb and store it for their 
particular needs and regulation. The 
greater the activity of an organ of the 
body, the greater its demands for this 
suspected secretion, the Philadelphia 
investigators found. 

If there is a tumor, where cell activity is 
at its greatest, the secretion is sent there 
at the expense of other tissues of the body. 
This results in an increasing amount of 
sodium about the tumor, with less sodium 
in the spleen itself. Under normal condi- 
tions all parts of the body would have 
enough of this hormone for their normal 
activity. 

“If, however,’’ observed Mr. Butts, 
explaining the relation of the new hormone 
to cancer, ‘“‘as the result of continued 
irritation, mechanical, chemical, or physio- 
logical, the normal blood supply to the 
particular part is interfered with, there 
would result a local deficiency of this 
growth-controlling agent, resulting in a 
local stimulated cell activity and the onset 
of cellular anarchy. If these conditions 
were maintained over a sufficiently long 
period of time enough cells become in- 
volved to allow the formation of an 
entirely new cell growth, characterized by 
stimulated cell division.” 
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In other words, cancer might form ing 
part of the body deprived for any reason 
of this hormone. 

“We may conclude that if the secretioy 
could be isolated from the spleen in, 
concentrated condition and administers 
to patients suffering from cancer, in th 
course of time, following repeated a4. 
ministrations, cell reproduction could by 
controlled, the hormone going to thog 
structures in preference to other body 
tissues by virtue of their stimulated 
growth characteristics.” 

Mr. Butts and associates described in 
detail their research on rats which led to 
these conclusions. These studies revealed 
the relation between the spleen and the 
element, sodium, and between spleen, 
sodium metabolism, and cancer. Because 
of the relatively small number of animals 
employed in some phases of their research, 
the investigators consider their work as 
merely preliminary, they stated —Sciene 
Service 


COPPER ORES CLEARED OF SULFUR 
BY WATER 


Ores are purified by fire. That state. 
ment summarizes our ordinary acquain- 
tance with the ridding of metal-bearing 
rocks of their undesired constituents 
under ordinary industrial processes. 

But fire’s opposite, water, has been the 
purifying agent during long geological 
ages in clearing many of the world’s best 
copper deposits of sulfur and iron. How 
it came about was set forth in detail at the 
recent meeting of the American Associ- 
ation for the Advancement of Science, by 
Pror. Epson S. BAsTIN of the University 
of Chicago, in his address as retiring vice 
president of the section on geology. 

“Standard” deposits of copper, as fount 
in a large number of places, contain cot- 
siderable percentages of iron and sulfur, 


-as pyrites and a number of other mineral 


forms. But some of the great copper beds 
are relatively free of these impurities. 
Prof. Bastin conceives that ground water, 
leaching down through the beds, carried 
various chemical substances that com 
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bined with the sulfur and iron, converting 

them into more soluble compounds, and 
thus made possible their removal in 
solution. 

One agency of such leaching envisioned 
by Prof. Bastin was water rendered more 
ot less highly saline by salts, largely sul- 
fates and chlorides, commonly found in 
atid and semi-arid lands. Sometimes 
copper and iron thus carried off as sulfates 
and chlorides reappear as sulfides, having 
undergone a partial reverse process that 
removed some of the oxygen. The 
“reducing” agent necessary for this 
process is seen by Prof. Bastin in the 
indirect action of living organisms. There 
are plenty of bacteria, for example, that 
make use of substances in the ground 
water, giving off hydrogen disulfide as an 
end-product of their life processes. This 
ill-smelling and chemically active gas is a 
very active reducing agent; and it can act 
at considerable distances from its point of 
origin, due to its volatility and its ready 
solubility in water. It may thus have 
been busy in the underground deposition 
of copper ores even when no traces of 
actual living organisms are found in con- 
nection with them.—Science Service 


SUNSHINE VITAMIN MADE IN LAB- 
ORATORY 


A vitamin has been manufactured in 
the laboratory by strictly chemical 
methods for the first time in history, 
Drs. CHARLES E. BILLS and Francis G. 
McDona_p of the Mead, Johnson, and Co. 
Research Laboratories, Evansville, Ind., 
reported to the American Association for 
the Advancement of Science recently. 

They synthesized vitamin D, the so- 
called sunshine vitamin, by treating 
ergosterol with nitrogen monoxide gas and 
obtained the potent vitamin without the 
use of ultra-violet radiation. At present 
vitamin D is made by shining ultra-violet 
light on ergosterol, whereas before the 
relationship between vitamin D and sun- 
shine was discovered five years ago, 
children had to take cod-liver oil to obtain 
vitamin D that prevents rickets. 


CONTEMPORARY NEWS 





589 


The synthesis of the vitamin is carried 
out in solution with methyl alcohol, ether, 
and ethyl acetate at low temperature and 
with rigid exclusion of oxygen. 

An extremely pure non-crystalline prepa- 
ration of vitamin D was described by 
Drs. Bills and McDonald. In company 
with four European laboratories, the 
American scientists have also produced 
crystalline vitamin D. The purest of 
these substances is claimed to be the most 
potent drug known.—Science Service 


ANIMALS DIE WHEN DEPRIVED OF 
RARE GASES IN AIR 


Oxygen and nitrogen, chief constituents 
of the air, are not alone sufficient to keep 
life aglow, Pror. J. WILLARD HERSHEY, 
of McPherson College, Kansas, reported 
to the American Association for the 
Advancement of Science recently. His 
experiments showed that animals die 
after living ten days to three weeks in air 
from which carbon dioxide and rare gases, 
helium, argon, krypton, etc., are removed. 

Prof. Hershey predicted that helium 
atmosphere would be used in fighting 
diseases just as oxygen atmospheres are 
now utilized in treating pneumonia. 
Large factories and office buildings sup- 
plied with synthetic atmospheres in which 
oxygen is mixed with helium instead of 
nitrogen are also foreseen by Prof. Hershey 
as a result of his tests.—Science Service 


MODERN PHYSICS NEEDS NO ELEC- 
TRONS, SAYS SWANN 


Electrons are not really necessary to 
describe physical processes, Dr. W. F. G. 
Swann of the Franklin Institute in 
Philadelphia told a joint meeting of the 
American Physical Society and the 
American Mathematical Society recently. 

“T think we must regard electrons as a 
temporary aid to the solution of our 
problem,” said Dr. Swann, ‘‘an aid which 
is convenient but, ideally at any rate, not 
necessary.’’ Yet the electron has been 
regarded as one of the two fundamental 
units of which all matter is made up and as 
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the direct cause of all phenomena that are 
called ‘‘electrical.”’ 

Electrons were introduced into physical 
theory, explained Dr. Swann, on account 
of their particle-like properties, to explain 
what seemed like a particle-like perform- 
ance. Now, however, the job of the 
electrons is taken over by the “‘psi’”’ func- 
tion of the new wave-mechanics. ‘‘There 
is nothing fundamental left for them to 
do,’”’ said Dr. Swann, ‘‘they are simply 
‘counters’ assigned to the volume ele- 
ments of space to measure there the 
intensity of a quantity concerned with the 
‘psi’ function. Even in this capacity, 
they suffer the humiliation of being denied 
the right of permanent existence in the 
sense of a continuity of their path... . 
Even as retired notables, who have ac- 
quired prestige by good works in the past, 
are recognized as ‘present’ at the various 
functions, though they do nothing, so the 
electrons through a charitable probability 
expression, are recognized as having a 
chance to ‘be present,’ but practically all 
the activities of the occasion are looked 
after by the host, the ‘psi’ function. ... 

“‘As one surveys the trend of the de- 
velopments in physical thought,’ con- 
tinued Dr. Swann, ‘“‘he cannot avoid the 
feeling that some of the main sources of 
dissatisfaction in an epoch arise from an 
attempt to perpetuate the concepts of the 
previous epoch after the special duties 
which were the main activities of these 
concepts have been taken over by some 
other agency. The older concepts, like 
retired members of a firm, ‘hang around’ 
their old haunts, regretting the authority 
they have lost.”—Science Service 


PHYSICS CANNOT PREDICT FATE OF 
THE UNIVERSE 


The general idea that the universe will 
die a ‘‘heat death” like a weakening bat- 
tery is not a justifiable conclusion from the 
laws of physics, Pror. P. W. BRIDGMAN 
of Harvard University told the American 
Physical Society at a recent meeting in 
New Orleans. 
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The running down of the energy of the 
universe is a conclusion from which, 
apparently, the second law of thermo. 
dynamics leaves us no escape, Prof. 
Bridgman explained. This law has been 
proved only by experiment with smal 
isolated systems of bodies on the surface 
of the earth. By what logical right, he 
asked, can the argument be extended to 
the entire universe? Though the tel. 
tivity theory regards the universe as q 
limited single system, there are important 
reasons why this system cannot be proved 
to be subject to the second law of thermo. 
dynamics. 

The continuous radiation of the heat of 
the sun and stars out into empty space, 
continued Prof. Bridgman, has been taken 
as the great demonstration of the progress 
of the “heat death,”’ requiring only time 
to bring about a uniformly cold and life. 
less universe. By this process the ele 
ments of the cosmos are usually regarded 
as becoming steadily more and more mixed 
up, or, in the language of physics, the 
“entropy”’ is steadily increasing. 

Prof. Bridgman believes that this view 
is fallacious. When heat passes from one 
body to another the emission of a 
“photon” of radiation by the hot body 
does not involve an increase of the entropy 
or disorder. The ‘‘running-down”’ process, 
or increase of entropy, takes place only 
when the photon is absorbed by another 
body. 

In the radiation of the stars, however, 
all we actually observe is the emission 
process. What happens to the heat and 
light after they have radiated out into 
space no one can tell. In order to ‘‘save” 
the second law we have to assume that 
radiation is absorbed somewhere under 
completely unknown conditions. 

“But is the assumption of such unknown 
conditions,” asked Prof. Bridgman, “in 
regions so terribly far beyond access to us 
in order to save the second law any 
easier an intellectual feat than the as 
sumption of other unknown conditions 
which would defeat the second law?’— 
Science Service 
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CAROTHERS TELLS HOW NEW SYN- 
THETIC RUBBER WAS ACHIEVED 


The stages by which the new artificial 
rubber [see J. CHEM. Epuc., 9, 185-6 (Jan., 
1932)] of the E. I. du Pont de Nemours & 
Company was discovered and perfected, 
were revealed by Dr. W. H. CAROTHERS 
to the fourth organic chemistry sym- 
posium of the American Chemical Society 
at New Haven. 

Synthetic rubbers are derived mostly 
from a group of simpler substances, liquid 
hydrocarbon oils known as ‘‘dienes,”’ Dr. 
Carothers explained. On being allowed 
to stand these compounds react slowly 
with themselves to form substances re- 
sembling rubber. In the case of isoprene, 
commonest of the dienes, which is ob- 
tained by decomposing natural rubber 
itself, this conversion to a rubber-like 
product is very slow and difficult to con- 
trol, Dr. Carothers said. Hence the 
limited success reached in trying to com- 
mercialize this process. 

Other dienes were prepared and studied 
by a group of du Pont chemists including 
Dr. ARNOLD M. Co.tins, IRA WILLIAMS, 
Dr. GERARD J. BERCHET, and DR. JAMES 
E. Kirpy besides Dr. Carothers. Special 
attention was paid to the reactions of the 
dienes prepared from vinylacetylene, a 
compound formed by the joining of two 
molecules of the common gas, acetylene. 

Success crowned these efforts in the 
discovery of two dienes, chloroprene and 
bromoprene, having the desired behavior, 
continued Dr. Carothers. These com- 
pounds are very similar to isoprene; in 
them chlorine or bromine replaces the 
methyl group of the isoprene molecule. 
These react with themselves very rapidly 
to form rubber-like products and thus 
permit the systemic study and control of 
the effect of different conditions on the 
transformation. 

The work of Pror. J. A. NrizEUWLAND 
of the University of Notre Dame and of 
W. S. Catcott, F. B. Down1nG, and Dr. 
A. S. CARTER of the du Pont Company on 
the polymers of acetylene, all contributed 
to make this achievement possible. 
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This fact of rapid reaction, Dr. Caroth- 
ers stated, led to the new synthetic chloro- 
prene rubber, DuPrene, which for certain 
special purposes is superior to the natural 
product.—Science Service 


INSULIN REVEALED AS NEW KIND 
OF PROTEIN 


Insulin, widely used in treatment of 
diabetes, is merely another member of the 
group of proteins, one of the fundamental 
group of foods, Dr. H. T. CLARKE of the 
College of Physicians and Surgeons of 
Columbia University told the fourth 
organic symposium of the American 
Chemical Society at New Haven recently. 

The insulin molecule, said Dr. Clarke, 
seems to be made up of two of the units 
present in relatively small quantities in 
many other proteins such as wheat 
glutenin or the casein of milk. The 
special properties of insulin which make it 
so important to diabetic sufferers, depend 
not on any unusual component, but on the 
way the common amino-acid units, tyro- 
sine and cystine, are arranged in the 
structure. These conclusions have been 
reached by ProF. KARL FREUDENBERG 
and his school of researchers at the 
University of Heidelberg, Germany. 

“It must be confessed,’ concluded Dr. 
Clarke, “however, that the prospect of 
finding the key to the relationship be- 
tween the constitution of insulin and 
physiological properties is far from rosy— 
when one considers the practically infinite 
number of possible ways in which the 
components may be arranged.” 

Dr. Clarke’s address outlined for his 
fellow chemists the recent breath-taking 
advances in biochemistry. Great progress 
was reported in the tracking down of the 
constitution of the various vitamins, one 
or two of which have been prepared nearly 
pure. Similar success is crowning the 
efforts to prepare in crystalline form the 
so-called ‘digestive enzymes,” substances 
which make possible the chemical trans- 
formations of food substances for absorp- 
tion into the body. 
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Other advances reported included 
chemical tests for pregnancy and the 
chemical mechanism of muscular action. 
It has now been shown, said Dr. Clarke, 
that the conversion of carbohydrate into 
lactic acid, previously believed indispensa- 
ble to muscle contraction, can be re- 
placed in a poisoned muscle by a quite 
different chemical action involving the 
breakdown of another substance, creatine- 
phosphoric acid. This isa very important 
physiological discovery involving a re- 
vision of fundamental theories of muscle 
action.— Science Service 


SOUP MAY TASTE DIFFERENT TO 
DIFFERENT INDIVIDUALS 


The same kettle of soup may taste 
entirely different to different persons 
eating it, Dk. RoGER J. WiL.rams of the 
University of Oregon suggests in a report 
to the scientific journal, Science. 

Creatine, a chemical in the muscular 
tissue of meat, tastes decidedly bitter to 
some, but is as tasteless as chalk to others, 
he has found. 

Dr. Williams made his discovery during 
an attempt to identify an unknown sub- 
stance which he thought might be crea- 
tine. Creatine is described in chemistry 
texts as being bitter, but this sample was 
absolutely tasteless to both Dr. Williams 
and to an associate working with him. 
Further study convinced them that the 
substance was actually creatine, however, 
so they got others to taste it. It was not 
until five persons had tried it, that one was 
found to whom it was bitter. 

Since a pound of lean meat may contain 
nearly two grams of creatine, Dr. Williams 
points out, it would be surprising if meats 
did not have very distinctive flavors for 
different persons. ‘‘Especially should this 
be so for soups made from lean meat which 
must contain a considerable quantity of 
extracted creatine,’’ Dr. Williams said. 

This tasteblindness of certain persons 
for what is bitter to others was recently 
discovered by Dr. ARTHUR L. Fox, a 
chemist of Wilmington, Del., in connec- 
tion with a synthetic chemical, para- 
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ethoxyphenylthiocarbamide.—Science Ser- 
vice 


TESTS FOR NEW ELEMENT 87 CON- 
FIRMED BY GEORGIA SCIENTISTS 


Attacks made by rivals of Pror. Frep 
ALLISON of Alabama Polytechnic Institute 
on the reliability of experiments by which 
he claims to have discovered the missing 
element number 87, have been met by 
investigators at Emory University. 
Pror. J. L. McGHEE and MarGaret 
LAWRENZ using an improved model of 
Prof. Allison’s magneto-optic apparatus 
confirmed his findings, they have reported 
to the American Chemical Society. Prof. 
McGhee and Miss Lawrenz also say that 
they failed to get results to support the 
statement of Pror. JAcoB PapisH of 
Cornell University, the rival discoverer of 
the new element, that Prof. Allison’s 
results were due to traces of the known 
elements, tin and rhenium. 

Prof. McGhee began tests of the still 
widely doubted magneto-optic method by 
giving Prof. Allison a number of mixtures 
of substances whose composition he 
knew, but which were ‘unknown’ to 
Prof. Allison. Analysis of their com- 
position made by Prof. Allison with his 
new magneto-optic method proved to be 
entirely correct, the report to the Ameri- 
can Chemical Society states. Additional 
comparisons of results of the Georgia 
and Alabama instruments are also said to 
have shown substantial agreement. 

In examining Prof. Papish’s attacks, 
Prof. McGhee prepared solutions of pol- 
lucite, lepidolite, samarskite, and cesium 
chloride, in all of which Prof. Allison 
claims to have found element 87. The 
magneto-optic analysis of these solutions 
was then compared with that of tin 
chloride and rhenium chloride, the sub- 
stances Prof. Papish said might have been 
responsible for Prof. Allison’s findings. 

Though certain ‘‘minima’’ were found 
in common, the six special ‘‘minima’’ of 
element 87 were not found in the tin and 
thenium chloride solutions, the report 
states. The Georgia scientists believe 
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that this test invalidates Prof. Papish’s 
criticism.— Science Service 


LIGHTNING ADDS FERTILITY TO 
EARTH 


Every time the lightning flashes fertil- 
izer is being added to the earth, Dr. W. J. 
Humpureys of the U. S. Weather Bu- 
reau has computed. Ozone of the lower 
atmosphere, ammonia, and oxides of 
nitrogen are produced by the electrical 
discharge of the thunderbolt in the atmos- 
phere, Dr. Humphreys explained. All of 
these synthetic chemicals made by light- 
ning react with water in the air. The 
ammonia dissolves in rain, becomes 
ammonium hydroxide, and serves as 
plant food. The nitrogen oxides react 
with atmospheric water to form nitric 
and nitrous acids carried to earth to form 
soluble nitrates and nitrites which are good 
fertilizers. 

Over 770 million tons of 100 per cent. 
nitrogen fertilizers are thus delivered to 
the soil each year, at the average of 12 
pounds per acre a year. It is thus be- 
lieved that regions where lightning is 
frequent and heavy may be more fertile 
because of this free gift of lightning-made 
nitrogen compounds.—Science Service 


VITAMIN A OBTAINED IN PURE 
FORM BY DRUMMOND 


Vitamin A, the growth-promoting vita- 
min found in liver, cod-liver oil, butter fat, 
egg yolk, and green and yellow vegetables, 
has just been isolated by Pror. J. C. 
DRUMMOND, professor of biochemistry in 
University College, University of London, 
in association with Pror. I. M. HEILBRON 
and Dr. R. A. Morton of Liverpool 
University. 

In their report to the Society of Chemi- 
cal Industry, which will appear in a 
forthcoming issue of the society’s journal, 
Chemistry and Industry, these scientists 
tell how they obtain the very elusive vita- 
min A by splitting carotene into two 
products. Carotene is the pigment which 
gives the yellow color to carrots, yellow 
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corn, butter, egg yolk, and other yellow- 
colored members of the plant and animal 
kingdoms. One of the two products 
obtained by splitting carotene is vitamin 
A, they believe. They describe it as an 
alcohol and state that it contains no 
nitrogen and has a potency about equal to 
that of the newly discovered crystals of 
vitamin D. 

At the same time these investigators 
reported that they have obtained from 
halibut-liver oil a sticky, yellowish oil 
which is nine-tenths pure vitamin A.— 
Science Service 


FOURTEEN POINTS GOVERN BUILD- 
ING OF ATOM CORES 


Fourteen points for the government of 
the atom nucleus have been formulated by 
Pror. WILL1AM D. Harkins of the Uni- 
versity of Chicago. Physicists will be 
aided in their research for the secret of the 
atom nucleus by these rules. The sta- 
bility and formation of the ninety-two 
elements of the chemist’s periodic table 
of atoms are intimately governed by them. 
They relate particularly to the atomic 
weight and the atomic number, or order 
number of the element in the table. 

Nature is most often even in making her 
atom cores, Prof. Harkins finds. Nearly 
all atomic nuclei contain an even number 
of electrons. The atomic number and 
the number of protons in the nucleus are 
generally even too. 

Elements of even atomic number, the 
newest data indicate, are ten times more 
abundant on the surface of the earth or on 
the sun. In meteorites the atom nuclei of 
elements of even atomic number are fifty 
times more abundant.—Science Service 


MEASUREMENT OF ELECTRON RAYS 
IS IMPROVED 


The methods of measuring the powerful 
Lenard or electron rays have been per- 
fected by an investigation of Dr. LAURIS- 
TON S. TayLor of the U.S. Bureau of 
Standards, Washington, D. C. 
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Lenard rays are obtained by pushing 
electrons through a vacuum tube under a 
pressure of several hundred thousand 
volts. By use of a small window of metal 
or glass the speeding electrons can be 
obtained in the air outside of the tube. 
As they have been used, since their first 
production in large quantities by Dr. W. 
D. Coortmce, for a great variety of 
chemical and biological purposes, it is 
important to have an accurate method of 
measuring them. 

Three methods of measuring the rays 
were compared. Of these the use of a 
“Faraday chamber’’ was found to be most 
effective. This consists of two metal 
chambers enclosed one within the other 
and having openings through which the 
electrons may pass to the inner chamber. 

The alternative methods are by means 
of an open plate or by means of a con- 
denser. The open-plate results were too 
low but always in a constant ratio to the 
Faraday chamber measurements. The 
condenser method gave results that did 
not agree with the Faraday chamber 
results. 

The difficulty of making this measure- 
ment lies in the fact that the swift elec- 
trons striking a metal surface set free 
other electrons so that the total amount of 
electricity cannot easily be obtained.— 
Science Service 


LIVING ORGANISMS CONTAIN ICE 


The living human body is full of ice, 
Dr. Nepa Marinesco of the Paris 
Institute of Physico-Chemical Biology of 
the Rothschild Foundation has announced 
in a lecture given in Brussels under the 
Institut des Hautes Etudes. 

Science is not content to have only one 
kind of ice like your refrigerator. Six 
different varieties have been discovered by 
Pror. P. W. BripcMan of Harvard 
University in the course of his high-pres- 
sure researches. Variety number six, 
which Dr. Marinesco has found in the 
human body, exists at ordinary tempera- 
tures, between 40 and 176 degrees Fahren- 
heit, only under enormous pressures of 
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over a hundred thousand pounds per 
square inch. 

In living tissues this enormous pressure 
exists because of the great attraction of the 
body colloids or jellies for water. This 
attraction compresses the water and 
changes it to solid ‘‘ice number six,’’ states 
Dr. Marinesco. That is why it is almost 
impossible to squeeze a drop of water 
from a living muscle, though it contains a 
large proportion of the liquid. When the 
organism dies, its attraction for water 
diminishes and the “ice number six” 
becomes again liquid. 

Dr. Marinesco used an original method 
for determining the attraction for water 
of the various body colloids, including 
chiefly proteins, etc. He measured the 
“dielectric constant” of their solutions by 
means of high-frequency radio waves. 
This tells whether the molecules of a 
“polar” substance, such as water, are free 
to turn around, or whether they are 
“hooked” to neighboring molecules. 

For instance, liquid water has a di- 
electric constant of eighty units, but when 
it freezes to ice its dielectric constant drops 
to two units. Most of the water in the 
human body has also a dielectric constant 
of only two units, hence it is akin to ice — 
Science Service 


AMERICAN EDUCATION DURING 
1931 


America’s expenditure for education in 
1931, as estimated by the Federal Office 
of Education, was $3,200,000,000. The 
number of pupils enrolled in public 
elementary schools during the year was 
approximately 21,211,325, in public high 
schools, 4,354,815, and in institutions of 
higher learning, 1,099,468. Private and 
parochial schools, both elementary and 
secondary, enrolled approximately 2,700,- 
000 pupils in 1931. The total number of 
teachers‘in the United States is estimated 
at 1,029,000. 

The 1931 elementary school enrolment 
was less than that of the estimated ele- 
mentary school enrolmerit for 1930 which 
was 21,370,000. High-school enrolment, 
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however, jumped from 4,030,000, esti- 
mated in 1930, to 4,354,815 in 1931. 

Of particular significance to American 
education during the past year has been 
state legislation enacted. A study of 
educational legislation in the Federal 
Office of Education, as yet incomplete, 
reveals considerable important legislation 
affecting school budgets and expenditures. 
North Carolina this year inaugurated what 
is probably the most striking example of 
state control of local school budgets in the 
history of the United States. The 
1931 General Assembly of that state 
wrote into law the doctrine that “public 
education is a state function.” The 
Delaware legislature authorized the Gover- 
nor to appoint a State Board of Budget 
Directors of 3 members to confer with 
those who seek state appropriations. 
These directors report their recommenda- 
tions to the governor. New Hampshire 
provided for a state budget system and 
financial control during the year. New 
Jersey empowered the governing body of 
a municipality, after a school budget has 
been twice rejected, to certify the amount 
necessary for school purposes for the ensu- 
ing year. Arkansas strengthened county 
control of local school budgets. 

Far-reaching recommendations concern- 
ing the policies and activities of the 
federal government with regard to the 
education of American people were 
submitted to President Hoover by the 
National Advisory Committee on Educa- 
tion in its final report. Greatest empha- 
sis in this report was placed on conserving 
local autonomy and local responsibility by 
working, both in legislation and in ad- 
ministration, away from recent tenden- 
cies toward centralization in Washington 
of powers over the purposes and processes 
of education. Never before has such an 
important survey been made of the 
Federal relations to education. 

In July the National Survey of School 
Finance was launched. This four-year 
study authorized by Congress is already 
delving into significant problems concern- 
ing school finance, in an endeavor to aid 
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states and communities in more efficient 
and economical organization and adminis- 
tration of their school systems. 

The National Survey of the Education 
of Teachers, directed by the Federal 
Office of Education, is throwing consider- 
able light on the much-debated subject of 
teacher supply and demand. During the 
past year nearly a quarter million ele- 
mentary school teachers supplied data for 
a study of teacher supply and demand. 
It was learned from this inquiry that 
every year in every school there is an 
average of 1 new teacher to every 5 
teachers in the school. ‘Mobility’ of 
teachers can be specifically associated 
with the ‘size of population,’ statistics 
showed. Administrators in sparsely 
settled areas find it necessary to select 2 
new elementary teachers for every 5, 
while there is generally one new teacher 
named for every 20 employed in cities of 
over 100,000 population. Acceptance of 
new positions in the same state and 
marriage are the two greatest factors 
affecting teacher ‘“‘mobility,’’ according to 
data collected. 

More than 800 high schools throughout 
the United States have been visited during 
1930 and 1931 in connection with the 
National Survey of Secondary Education 
by the Federal Office of Education. This 
survey, which will be completed June 30, 
1932, at a cost of $225,000, has been in- 
vestigating the major problems of secon- 
dary education, and will furnish detailed 
reports of the innovating practices in 
organization, administration, financing, 
curricula, and articulation of the secondary 
school with lower and more advanced 
education. 


USE OF MOTION PICTURES IN PUB- 
LIC SCHOOLS 


‘More than 60 per cent. of schools repre- 
sented by approximately 6000 principals 
and superintendents use motion picture 
films in some way for educational pur- 
poses,” J. O. Matort, Federal Office of 
Education commercial education specialist 
announced recently. 
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Questionnaires on the administration of 
film service in public elementary and high 
schools throughout the United States 
distributed through the Motion Picture 
Division, Department of Commerce, with 
the codéperation of the Office of Educa- 
tion, were returned by this number of 
school administrators. Findings have 
been included in a new Office of Education 
Circular No. 46. 

‘‘Many city and a few state departments 
of public instruction have organized ad- 
ministrative units to render motion-picture 
service to the schools. Visual education 
departments with full-time employees 
have also been provided in numerous 
cities,’ the study shows. 

“Of 44,186 presentations of films re- 
ported in one school year, more than 32,- 
000, or 73 per cent., were for curricular 
activities,’ Mr. Malott points out. 
‘Forty per cent. of the total motion picture 
offerings were in the social sciences, and 26 
per cent. in the natural sciences. More 
than 25 per cent. of the total showings were 
in the fields of physical education, manual 
and industrial arts, home economics, En- 
glish, and commercial education, although 
approximately 2500 presentations not 
specifically related to school subjects were 
reported.” 

“Nearly 18,000, or 41 per cent. of the 
showings were in elementary schools; 
12,000 or 27 per cent., were in junior high 
schools, and 14,200, or 32 per cent., were 
in senior high schools.” In most in- 
stances films were obtained at low cost, by 
rental, or free ‘from educational centers, 
including city, state, and federal agencies, 


extension divisions of universities, and . 


various other types of educational organi- 
zations.” 

It is interesting to note that five out of 
six teachers using motion pictures for in- 
structional purposes meet a major diffi- 
culty in not being able to make a suf- 
ficiently detailed study of the film to get 
the maximum value from it. The inquiry 
reveals, however, that motion pictures 
were reported by 98.9 per cent. of teachers 
as being helpful or very useful in creating 
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an increased interest in school work and 
a sustained interest in topics studied. 


TWELFTH ANNUAL OHIO STATE 
EDUCATIONAL CONFERENCE TO 
MEET IN COLUMBUS IN APRIL 


WALTER LIPPMAN, of the New York 
Herald-Tribune, formerly associate editor 
of the New Republic, and CHares H. 
Jupp, head of the Department of Educa- 
tion and Director of the School of Educa- 
tion of the University of Chicago, will 
address general sessions of the TWELFTH 
ANNUAL OHIO STATE EDUCA- 
TIONAL CONFERENCE to be held in 
Columbus, April 7, 8,9, 1932. An attend- 
ance of 6000 is anticipated. 

“EDUCATION AS SOCIAL INVEST- 
MENT” will be the keynote of the two 
general and the thirty-six sectional meet- 
ings. The names of thirty-six well- 
known out-of-state speakers and the 
sections in which they speak follow: 


Joun E. ANDERSON (University of Minne- 
sota), Adult Education, Clinical Psy- 
chology, Home Economics. 

ADELAIDE AYER (State Teachers’ College, 
Milwaukee, Wisconsin), Teacher Train- 
ing. 

FRANK W. BALiLou (Washington, D. C., 
Public Schools), Attendance Officers. 
A. S. Barr (University of Wisconsin), 

County Superintendents. 

FRANKLIN Bossitt (University of Chi- 
cago), High-School Principals, Junior 
High-School Principals. 

RutH BristTot (University of Michigan), 
Kindergarten. 

JuventtiaA CaseMAN (Hutchinson High 
School, Buffalo), Commercial Educa- 
tion. 

C. J. CHAMBERLAIN (University of Chi- 
cago), Biological Science. 

E.sig-RrpLtey Ciapp (Ballard Memorial 
School), Art, Elementary Teachers. 

Harotp F. Crark (Teachers’ College, 
Columbia), School Business Officers. 

Rospert D. Core (University of North 
Dakota), Modern Languages. 
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Lovis EH#RENFELD (Museum of Science 
and Industry, Chicago), Physical Sci- 





ence. 
HucH HARTSHORNE (Yale University), 
















on Religious Education, Educational Tests. 

; W. Witpur HatrFietp (University of 
Chicago), English. 

Vork Pau, R. Heyy (U. S. Bureau of Stand- 

itor ards), Physical Science. 

H. Nettie Lee Hort (Stephens College), 

ica- Religious Education, Physical Educa- 

ica- tion. 

vill B. LaMaR JOHNSON (Stephens ’ College), 

TH School Librarians. 

‘A- ARTHUR J. JoNES (University of Pennsyl- 

in vania), Guidance Counselors. 

d- C. H. Jupp (University of Chicago), 
Higher Education, City Superintend- 

T- ents. 





WALTER LippMAN (The New York Herald- 
Tribune), Journalism. 

Pau, S. Lomax (Haire Publishing Co.), 
Commercial Education. 

EstHER McGinnis (American Home 
Economics Association), Home Eco- 
nomics. 

Harry C. McKown (University of Pitts- 
burgh), Village Superintendents. 

Cart E. MILirKeNn (Former Governor of 
Maine), Visual Education. 

Joy E. Morcan (National Education 
Association), Teacher Training, County 
Superintendents. 

W. A. OLDFATHER (University of Illinois), 
Latin. 

M. C. Orro (University of Wisconsin), 
Social Study. 

W. C. Reavis (University of Chicago), 
Attendance Officers, Guidance Counsel- 
ors. 

Mary M. Reep (Teachers’ College, Co- 
lumbia), Kindergarten. 

W. H. ScuLaucu (New York University), 
High-School Principals, Mathematics. 

Harry A. Scott (Rice Institute), Physical 
Education. 

Davip SNEDDEN (Teachers’ College, Co- 
lumbia), Industrial Arts, Social Study. 

PauL C. Sretson (Indianapolis Public 

Schools), City Superintendents, Ele- 

mentary Teachers. 
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DeForest Stutu (Teachers’ College, Co- 
lumbia), Geography. 

L. L. THuRSTONE (University of Chicago), 
Educational Tests. 

HERBERT S. WEET (Rochester Public 

Schools), Special Education, Elemen- 

tary Principals. 


INSTITUTE OF METALS AMERICAN 
MEETING POSTPONED 


In view of the disturbed economic and 
financial conditions that prevail in Europe 
and America the Council of the Institute 
of Metals has found it necessary to post- 
pone the 1932 American Meeting which 
was to have been held in the United States 
and Canada next autumn [see J. CHEM. 
Epuc., 8, 1005-6 (May, 1931)]. The 
meeting had been planned with the close 
coéperation—as prospective hosts—of the 
American Institute of Mining and Metal- 
lurgical Engineers. The Council’s sug- 
gestion that the meeting be postponed 
was sympathetically received in America 
and the assurance has been made that 
the members will be welcome at such 
later time as may suit their convenience. 
An announcement regarding the Insti- 
tute’s place of meeting next autumn will 
shortly be made. 

In spite of the difficult economic condi- 
tions that have prevailed throughout the 
world during 1931, the Institute of Metals 
finished the year with a net gain in its 
membership of 72—as compared with a 
net gain, in 1930, of 388—thus making the 
total membership 2232, which is the high- 
est figure ever recorded. 

On January 21 an election of members 
was held. Members then enrolled will 
have the privilege of membership, not 
for the usual twelve months, but for the 
extended period ending June 30, 1933. 
Membership application forms and book- 
lets descriptive of the work of the Institute 
may be obtained on application to the 
Secretary, Mr. G. SHaw Scott, M.Sc., 
F.C.L.S., 36 Victoria Street, London, 


S. W. 1. 








598 


THE NINTH INTERNATIONAL CON- 
GRESS FOR PURE AND APPLIED 
CHEMISTRY 


The Ninth International Congress of 
Pure and Applied Chemistry is to be held 
under the patronage of the Government of 
the Spanish Republic in Madrid, from 
April 3 to April 10, 1932. It will be 
twenty years since such an international 
congress has been held, the eighth having 
met in Washington and New York in 1912. 

The honorary president of the congress 
is J. R. MourgE o, vice-president of the 
Academy of Sciences and professor emeri- 
tus of the School of Arts, University of 
Madrid; the president, O. FERNANDEZ, 
professor of the University of Madrid, 
member of the Academy of Sciences, and 
dean of the Academy of Pharmacy; the 
general secretary, E. Mo uss, professor of 
the University of Madrid, and of the 
National Institute of Chemistry ani Phys- 
ics, as well as president of the Spanish 
Society of Chemistry and Physics. 

The chief aim of the congress, in which 
all societies and committees of chemistry 
in the world are invited to participate, is to 
further the progress of pure chemistry and 
all its applications, as well as to strengthen 
relations among chemists the world over. 
Any person professing interest in any one 
or more of the objects of the congress may 
enrol as a member, the fee for active mem- 
bers being 50 gold pesetas. In addition to 
active members, there will be honorary 
members, which include all members of 
the Committee of Honor and of Patronage, 
the official delegates of the Spanish govern- 
ment and of the governments of other 
countries; and supporting members, which 
include those persons who pay the mini- 
mum amount of 250 gold pesetas. All 
members shall be entitled to receive all 
publications in extenso, to take part in the 
sessions of the congress, and to receive 
copies of the daily newspaper which will 
be published, as well as a separate issue of 
all the summaries of the communications 
and documents referring to the congress, 
including the final report on the proceed- 
ings. Members shall also be entitled to 
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attend the receptions and festivities jn 
connection with the congress, unless other- 
wise indicated on the program, which 
will accompany the identification cards. 
Tickets at 15 gold pesetas each will be 
issued for ladies wishing to accompany the 
members of the congress. They will be 
granted the same privileges as members 
except that they will not be allowed to take 
active part in the sessions or receive pub- 
lications. 

The congress will be divided into the 
following groups, each of which will have 
a section on pure, and one on applied, 
chemistry: Group 1, physical and theo- 
retical chemistry; Group 2, inorganic 
chemistry; Group 3, organic chemistry; 
Group 4, analytical chemistry; Group 5, 
biological chemistry ; Group 6, teaching and 


‘economics. A special section on analyti- 


cal standard methods for liquid fuels has 
been added to this original classification, 
and other sections will be added as the 


_ need of the congress may demand. 


During the week of this congress, the 
Eleventh Meeting of the International 
Union of Chemistry will also be held in 
Madrid. The commissions of economics, 
international atomic weights, reform of the 
nomenclature of biochemistry, physico- 
chemical standards, thermochemistry, an- 
nual tables of constants, and unification of 
abstracts have scheduled sessions, and, 
at the same time, various Spanish cities 
(Sevilla, Granada, Murcia) will be holding 
their festivals and religious ceremonies of 
Holy Week, and the celebrated Andalucia 
fairs will be in progress. 

The program of the congress is as fol- 
lows: 


Sunday, April 3 
Reception of the delegates and their 
families by the organizing committee. 
Monday, April 4 
Solemn opening of the Congress. 
General Lecture on ‘‘The Raman Effect 
in Connection with Chemical Con- 
stitution,’ by Sm C. V. RAMAN 
(Calcutta), Pror. K. W. F. Kont- 
RAUSCH (Graz), and Pror. J. CABAN- 
NES (Montpellier). 
Discussion. 
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Meeting of groups and sections. Pres- 
entation and discussion of reports. 
Reception by the minister of public 

education. 

Tuesday, April 5 
Meeting of delegates of the societies of 

the International Union of Chemistry. 
Reception by Lord Mayor of Madrid at 
the City Hall. 


Wednesday, April 6 

General Lecture on ‘‘High Polymers 
in Chemistry”? by Pror. W. L. Bracc 
(Manchester), Pror. A. STAUDINGER 
(Freiburg), and Pror. K. H. MEYER 
(Ludwigshaften). Also lecture on 
“What Do We Know about the 
Structure of the Natural High Poly- 
mers?” by Pror. K. Hess (Berlin). 

Discussion. 

Meeting of groups and sections. 

Reception by the Secretary of State. 


Thursday, A pril 7 
Excursion to Toledo or El Escorial. 


Friday, April 8 

General Lecture on ‘‘The Chemistry of 
High Temperatures,’’ by Pror. O. 
RurF (Breslau), and allied com- 
munications from Pror. SEN (Cal- 
cutta), Pror. CHAUDRON (Lille), and 
Pror. A. HEDVALL (Goteborg). 

Discussion. 

Meeting of groups and sections. 

Official dinner for the congress. 


Saturday, April 9 

Second meeting of the Council of the 
International Union of Chemistry. 

Meeting of the sections and drafting of 
the conclusions. 

Closing session. 

General Assembly of the International 
Union of Chemistry. 


Sunday, April 10 
Excursion to La Granga and Sagovia. 




































NEW CHEMICAL SOCIETY AT JOHN 
B. STETSON UNIVERSITY 







The Stetson Chemical Society, an 
honorary society, was recently organized 
at John B. Stetson University, DeLand, 
Florida. The society was organized fol- 
lowing a Thanksgiving dinner given to 
the junior and senior chemistry students 
by Dr. Joun F. Conn, head of the de- 
partment of chemistry. The purpose of 
the society is to promote interest in chem- 
istry among the chemistry students of the 
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university. Monthly meetings will be 
held, .at which programs will be pre- 
sented by the members and addresses 
given by outside speakers. 

While active membership is limited to 
those advanced students who have dis- 
played exceptional scholarship in chem- 
istry, all interested are invited to attend 
the meetings. Already the society has 
become a positive catalyst in promoting 
the interests of the department of chem- 
istry. 

The following officers have been elected: 
president, JOHN NELSON; vice-president, 
WittramM~ = Brown;___ secretary-treasurer, 
CLYDE FLOWERs. 


NEW CHAPTER OF ALPHA CHI 
SIGMA FRATERNITY 


On January 23, 1932, the Beta Phi 
Fraternity, a chemical organization at the 
Georgia School of Technology was installed 
as the Alpha Omega Chapter of Alpha 
Chi Sigma, professional chemical frater- 
nity. Dr. WaLTsrR S. Ritcuts of the Uni- 
versity of Missouri and national ritualist 
of Alpha Chi Sigma directed the installa- 
tion. He was assisted by Dr. KLare S. 
MarRKLEY, the counselor of the southern 
district of the fraternity. 

On January 25, 1932, the Sigma Beta 
Chi Fraternity, a chemical organization 
at Bucknell University was installed as 
the Beta Alpha Chapter of Alpha Chi 
Sigma, professional chemical fraternity. 
Dr. Wa tTER S. RitcuiE of the University 
of Missouri and national ritualist of Alpha 
Chi Sigma directed the installation. He 
was assisted by Dr. Harry A. ALSENTZER, 
Jr., the counselor of the eastern district 
of the fraternity. 


GRADUATE ASSISTANTSHIP AVAIL- 
ABLE AT GEORGIA SCHOOL OF 
TECHNOLOGY 


There are available for the year 1932-33 
two graduate assistantships at the Georgia 
School of Technology. These assistant- 
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ships carry a stipend of $600.00 and re- _ in the equivalent of twelve hours per week 
mission of all fees except breakage over instructional duty in elementary chemistry 
$10.00. The sum is payable in ten instal- laboratories, notebook work, and the like. 
ments. Holders of such assistantships Applications will be received up to April 1, 
may obtain the master of science degree and should be sent to Dr. G. H. Boces, 
or M.S. in chemical engineering ina mini- _ head of the chemistry department, Georgia 
mum of two years and are required to put School of Technology, Atlanta, Georgia, 


Food more important for good teeth than brushing. The greater importance of 
food over cleanliness in prevention of tooth decay and the responsibility of the physician 
rather than the dentist for proper tooth formation were stressed by Dr. Edward Clay 
Mitchell of Memphis at the recent meeting in Memphis of the American Dental Associa- 
tion. 

“Although we do not wish to discourage proper mouth hygiene, yet it has been defi- 
nitely shown that a properly fed tooth will not become carious even in a dirty mouth,” 
Dr. Mitchell said. 

“The physician is equally if not more responsible than the dentist for proper tooth 
formation,’’ he continued. Teeth require feeding the same as any other structure in 
the body. It is the physician who must teach the mother to watch her own and later 
her baby’s diet in order to insure healthy teeth for the child. Plenty of sunshine anda 
well-balanced diet, including milk, egg yolk, fresh vegetables, fruit juices, and cod-liver 
oil are needed by every infant. Early attention to these factors will result in much 
better teeth for the next generation, Dr. Mitchell observed. 

Care of the teeth may be compared to care of a motor car, because a well-built dental 
organ has functions that resemble those of any machine, Dr. E. Melville Quinby, of Bos- 
ton, pointed out at the same session. 

A car to be efficient must be strongly built to stand stress; must have its units in 
alignment for smooth working; and must be cleaned and lubricated to prevent rusting or 
destruction. The factors to be stressed in the dental machine are therefore nutrition; 
occlusion, which is the contact of the teeth when the jaws are closed; and mouth hygiene. 
Dr. Quinby suggested the slogan: balanced diet, clean mouths, and better dental ma- 
chines for every one.—Science Service 


Pure mathematics may hold key to quantum theory. That the lumpiness of energy 
may be explained on purely mathematical grounds was suggested recently to the meeting 
of the American Mathematical Society at Columbia University by Prof. Edward Kasner 
of Columbia, as a result of his studies of curves. 

An imaginary or complex mathematical curve, Prof. Kasner said, has a peculiarity 
that a piece of it can never be made like a straight line no matter how short a piece is 
taken. Prof. Kasner studied the ratio between the length of a straight line cutting such 
a curve when the length of the piece cut off is made smaller and smaller, and found some 
curious things. 

In ordinary curves this ratio is one, but in the special cases considered by him the 
ratio can have only discontinuous values less than one, such as 0.94, 0.86, 0.80, ete. 
These values become realized when electrons are assumed to shoot out with the velocity 
of light and measurements are made in the space of Minkowski and Einstein. 

Jerkiness of this kind reminds one of the things observed in the quantum theory. 
Prof. Kasner suggested that there may be some relation between the mathematical fact 
and the physical quantum laws.—Science Service 
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General Chemistry. EUGENE PAUL 
Scuocu, Ph.D., and WiLLt1am AuGusT 
Fetsinc, Ph.D., Professors of Chem- 
istry, University of Texas. Von Boeck- 
mann-Jones Co., Austin, Texas, 1931. 
vi + 489 pp. 68 Figs. 15 X 23 cm. 
$3.50. 


This general elementary chemistry book 
isa text and laboratory manual combined. 
It is really a rewriting and an extension 
of a text that has been used at the Uni- 
versity of Texas for many years. In 
the preface the authors state that their 
plan is a “radical departure from the 
usual manner of teaching beginners in 
chemistry. The fundamental pedagogic 
idea of this plan is that chemistry should 
be taught like mathematics rather than 
like a descriptive science.” 

The material covered is much the same 
as in the common texts but it is presented 
in a different manner. For example, in 
place of the chapter usually headed 
“Oxygen” we find ‘‘Energy Changes in 
Chemical Reactions Illustrated by Reac- 
tions Involving Oxygen.” The second 
paragraph in this chapter is given the 
title “The Decomposition of Certain Com- 
pounds at High Temperatures: Oxygen 
the Product.” 

Symbols, formulas, equations, and calcu- 
lations from equations are included in 
the first chapter. Each section is followed 
by one or two sentences, in heavy type 
and set off by wide margins, which give 
the theme of the preceding explanation. 

The usual series of questions is found 
at the end of the chapters. 

The experiments and many descrip- 
tions of processes are printed in small 
type. This inclusion of the experiments 
with the theoretical material brings about 
the much described close correlation be- 
tween these two phases of the course. 

The book would possibly be more pleas- 
ing if some of the homely illustrations were 
omitted. A whole page is devoted to a 
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discussion of students buying apples and 
oranges in an effort to draw an analogy 
with the relationship between atomic 
weights and combining weights. 

It is unfortunate that the editing was 
not given a little more attention. In 
many places the sentence structure and 


choice of words are rather poor. Such 
expressions as ‘‘operating at full tilt” 
are too numerous. 

C. E. WHITE 


UNIVERSITY OF MARYLAND 
CoLLEGE PARK, Mb. 


The Ingenious Dr. Franklin. NATHAN G. 
GoopMaNn, Editor. University of 
Pennsylvania Press, Philadelphia, 1931. 
xi + 244 pp. Portrait frontispiece and 
9 Figs. 15.25 X 20.5 cm. $3.00. 


This is a collection of fifty-seven 
scientific letters written by Franklin on 
the greatest variety of subjects: from 
Daylight Saving to Choosing of Eye 
Glasses; from Learning to Swim to Treat- 
ment for Gout; from Cold Air Bathing 
to Bifocal Glasses; from Musical Sounds 
to a Prophecy on Aerial Navigation; 
from Magic Squares to Character of 
Clouds; and from Causes of Colds to 
Origin of Northeast Storms. No subject 
seems to have escaped him. 

The editor claims that ‘Benjamin 
Franklin was the most inquisitive man in 
America in the eighteenth century.” His 
letters show that ‘‘first he inquired, then 
he experimented, contriving unique ap- 
paratus, observed the effect and then 
drew original conclusions.” 

While the explanations of observed 
phenomena in some cases seem rather 
strange in the light of present-day knowl- 
edge, in other cases they are decidedly 
modern and far in advance of the thought 
of that day. 

The practical made the strongest appeal 
to Franklin and he always tried to adapt 
his experiments to some useful purpose; 
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e. g., he observed that lightning shattered 
wood by ‘forcibly separating its fibers,”’ 
then why should not meat, for the same 
reason, be more tender if the animal be 
killed by electricity? 

The letters are grouped under three 
headings: ‘‘Practical Schemes and Sug- 
gestions,’ ‘Divers Experiments and Ob- 
servations,” and ‘Scientific Deductions 
and Conjectures.’”’ They are short, only 
three being over six pages in length, but 
each contains some worth-while thought. 

The simple and direct manner in which 
he makes his observations in these letters 
gives them the charm of personality which 
is absent from formal writings. 

The book is well printed in bold, clear 
type and is most attractive, both in ap- 
pearance and content. 

Ow EN L. SHINN 


UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA, PENNA. 


Outlines of Theoretical Chemistry. FRreEp- 
‘ERICK H. GETMAN, Ph.D., formerly 
Associate Professor of Chemistry in 
Bryn Mawr College, and FARRINGTON 
DANIELS, Ph.D., Professor of Chemistry, 
University of Wisconsin. Fifth edi- 
tion, John Wiley and Sons, Inc., New 
York City, 1931. ix + 643 pp. 180 
Figs. 15 X 23 cm. $83.75. 


To friends of earlier editions a casual 
thumbing of the pages of this revised 
“Getman” will reveal that Dr. Daniels 
has closely adhered to the original organi- 
zation and readable presentation of ma- 
terial, and they will lay the volume aside 
with a feeling of reassurance that it is 
their old friend still. A more critical 
inspection, particularly of the last half 
of the book, will disclose the touch of a 
new, though sympathetic hand. No 
chapter but has undergone some change, 
meny are entirely rewritten. Much new 
material has been introduced and a dis- 
tinctly modern flavor permeates the book. 

In the junior author’s preface the follow- 
ing felicitous paragraph appears: ‘To 
introduce recent advances without offend- 
ing old friends who cherish the founda- 
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tions of a successful past; to keep page 
with present tendencies toward the mathe. 
mathical viewpoint without driving away 
students who are inadequately prepared; 
and to sift out the permanent from the 
trivial are the privileges and _ responsi. 
bilities of this revision.” 

To make room for new material and 
keep the book within bounds the author 
has found it necessary to delete portions 
appearing in the fourth edition. This 
process constitutes a considerable part 
of the revision of the earlier chapters, 
The task of choosing and rejecting seems 
to have been done with discriminating 
care. In the later chapters the junior 
author has exercised his ‘‘privilege and 
responsibility”? with greater boldness and 
freedom and has written with an enthusi- 
asm born of familiarity with his subject 
and his genius as a teacher, and has 
shown a commendable sense of balance 
and proportion. The conventions of 
Lewis and Randall have been introduced 
throughout the book, including, happily, 
the chapter on thermochemistry. Many 
new problems with some answers follow 
each chapter. The book is decidedly 
more advanced and difficult than previous 
editions. 

The reviewer finds little of major im- 
portance to criticize. Perhaps the least 
useful of the additions is the chapter on 
“Chemical Thermodynamics,” not be- 
cause of lack of importance but because 
the author has undertaken entirely too 
much. He has, however, thoughtfully 
forestalled adverse criticism by a footnote 
relative to this chapter. One could wish 
that in the revision the author could have 
found room for more such historical intro- 
ductions as the opening of chapter twelve, 
relating say, to conduction of electrolytes, 
the theory of electrolytic dissociation, 
thermochemistry, or the periodic table, 
to'cite a few examples. 

Attention may be called to the follow- 
ing minor criticisms for the sake of subse- 
quent editions. Page 24; the:term ‘‘heat 
content’ is used in a misleading sense and 
is inconsistent with the use of the same 
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term on page 113, for example. Page 56; 
the constants of equations 28 and 29 are 


nathe. 

 aWay different, contrary to the statement at 

pared: the bottom of the page. Page 37; the 
derivation of van der Waal’s equation 


of state should be clarified. Attention 
should be called to the fact that the 
constants a and b are dependent on tem- 
perature. Page 85, Problem 2; it would 
be simpler to refer to this crystal as simple 
cubic. Page 96; the very simple deriva- 
tions of the equations for specific rotatory 


Be: power are entirely obscured. Page 128, 
seems line four from the bottom; the word 
ating “absorbed” should be replaced by the 
unior word “converted.” Page 134; in the 
and reviewer’s opinion the Principle of Le 
and Chatelier deserves far more emphasis than 
husi- is here accorded it. Page 249; the ex- 
bject ample given is too involved to have peda- 
has gogical value. Page 252, line four; 
ance there is an unfortunate use of the term 
of “differential heat of solution.’’ Page 568; 
iced Moseley used a crystal of potassium ferro- 
pily, cyanide. A crystal of sodium chloride 
fany was used merely for calibration. Page 
llow 601, middle of page; the phrase ‘“‘of solid 
edly elements” should follow the word “crys- 
ious tal.” 

In the opinion of the reviewer Dr. 
im- Daniels has accomplished in a brilliant 
sast manner what he set out to do, and this 
on edition of this popular textbook is now 
be- without a rival. It merits a cordial re- 


ception. 
F. L. SHINN 


UNIVERSITY OF OREGON 
EUGENE, OREGON 


Electrochemistry. Principles and Prac- 
tice. C. J. BRocKMAN, Associate Pro- 
fessor of Chemistry, University of 
Georgia. D. Van Nostrand Co., Inc., 


ve, 
es, New York City, 1931. xi + 348 pp. 
mn, 47 Figs. 14.5 xX 22 cm. $4.00. 
le, The title of the book given on the cover 
is likely to be misleading. From the 
W- title and the size of the book one gets 
e- the idea it is a treatment of fundamental 
at principles only. The title on the title 
id page, “Electrochemistry. Principles and 


Practice,” is more enlightening. 
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The discussion of fundamental princi- 
ples is confined to the first forty pages; 
this includes also a brief historical treat- 
ment. A description of the preparation 
of several inorganic and some organic 
compounds by the electrolysis of solu- 
tions is given about forty pages. The 
electrometallurgy from solutions of cop- 
per, nickel, zinc, chromium, lead, tin, 
iron, cadmium, cobalt, silver, gold, and 
alloys is covered in the next one hundred 
ten pages. The whole field of alkali, 
chlorine, hypochlorite, and chlorate is 
confined to twenty-five pages. A few 
pages are given to each of the topics, 
“the production of hydrogen and oxygen,” 
“the electrochemistry of gases,’’ and ‘“‘the 
chemical production of electricity.’’ One 
chapter is devoted to the production from 
fused electrolytes of aluminum, mag- 
nesium, sodium, calcium, cerium, and 
beryllium. The last thirty-six pages are 
given over to furnaces and electrothermal 
processes. The reviewer approves this 
very limited treatment of electric furnaces; 
the only excuse for including this topic 
at all in a book on electrochemistry is 
that electrical energy rather than some 
other form is converted into heat, and 
from this point of view every housewife 
who uses an electric stove should be 
considered an electrochemist. 

The index is very complete, with many 
cross references. 

The author states, “It is the aim of 
this book to point out the more important 
applications of the electric current in 
the manifold phases of chemical manu- 
facture,....’’ ‘“‘An effort has been made 
to present electrochemistry in not too 
technical a manner so that it will interest 
the chemist, the plant manager, the 
manufacturer, and the fringe of business 
men who are not necessarily adepts with 
electrochemical manipulations; yet it is 
hoped that the scientific value of the 
work will not be lost to the virtuosi of 
electrochemistry.”’ If considered from 
the point of view of these objectives, 
the book is well done. A_ sufficient 
amount of the historical, theoretical, and 
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practical sides of the subject is given to 
arouse the curiosity and maintain the 
interest of the type of reader for whom 
the author states the book is primarily 
written. Such a reader would not ap- 
preciate the fine points of electrochemical 
theory or complex mathematical deriva- 
tions, or the details of plant operation; 
and if they had been included the reader 
would probably lay the book aside before 
he progressed far, with the feeling that 
it is beyond him. The specialist in the 
field can supplement the material in the 
text through recourse to the many refer- 
ences to current literature. 

There are several errors, some unfortu- 
nate choices of illustrations, and a few 
omissions. The most important of these 
that the reviewer observed are given 
below. 

The expression, “specific conductivity” 
is frequently used in place of “specific 
conductance”’ or “conductivity.” 

The incorrect idea, presented in a large 
majority of the textbooks on physics 
and chemistry, that sodium ions and 
anions such as SO,~~ in a water solution, 
may be discharged at the electrodes and 
the resulting products then react with 
the water, still persists in this book. 

In the development of the idea of de- 
composition potentials on pages 18, 19, 
and 20, in addition to the selection of 
unfortunate examples, the author has 
shown faulty reasoning and a misuse of 
terms. The whole discussion is highly 
confused. The confusion persists also on 
page 22, where the figure and discussion 
given for “case II” applies really to ‘‘case 
i.” 

On page 24 the reader might get the 
notion that a hydrogen electrode ‘‘con- 
sists of a platinum-black electrode of 
definite dimensions”; but, of course, no 
“definite dimensions” are required. 

The reviewer questions the advisability 
of the use of such expressions as ‘‘the 
Cut concentration in these solutions is 
as low as 10-” normal.” 

The statement that ‘‘there has not been 
very much scientific study of brass depo- 


JOURNAL OF CHEMICAL EDUCATION 


Marcu, 1939 


sition” might be questioned. The author 
does not include references to many of 
the more recent investigations on the 
electrodeposition of brass and other alloys, 

Considering the readers for whom the 
book was written especially and the ex. 
tensive use of the lead storage battery, 
a fuller discussion of it might well haye 
been included. In the discussion of the 
lead cell the statement is made, “The 
discharging voltage is higher than the 
voltage of discharge as shown in the ac. 
companying curve.” This statement js 
confusing, especially as there is no “ag. 
companying curve.” 

In discussing the Edison cell, the state- 
ment is made, “it consists of a positive 
electrode of finely powdered iron... 
During the course of discharge the nega- 
tive electrode undergoes a_transforma- 
tion to Fe(OH):.” There is confusion 
here in the use of ‘‘positive” and ‘‘nega- 
tive.” 

The use of inhibitors in connection 
with pickling baths has assumed such 
importance recently that the topic might 
well have been referred to in connection 
with cleaners. 

The presence of many of the errors: 
noted above, and others not mentioned, 
are probably due to the proof not having 
been carefully read. 

A. L. FERGUSON 


UNIVERSITY OF MICHIGAN 
ANN ARBOR, MICH. 


Chemical Arithmetic. Sau B. ARENSON, 
Associate Professor of Inorganic Chem- 
istry, University of Cincinnati. John 
Wiley and Sons, Inc., New York City, 
1931. v + 108 pp. 14 X 21.5 cm. 
$1.25. 


The solution of a chemical problem 
would be materially simplified if the 
student would read the problem, analyze 
it and plan a mode of attack. After 
calculations show the student the answer, 
he should be able to say ‘‘that’s just 
about what I thought the answer ought 
to be.” In line with this, answers are 
given ina fitting manner: ‘‘code”’ answers 
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to all problems are given in three sig- 
nificant figures, without the use of a 
decimal point. . Thus the student is forced 
to make the essential mental calculations. 
Chapters include Units, Atomic and 
Molecular Weights, Gas Laws, Weight 
and Volume Relationship, Normal Solu- 
tions, and Balancing Equations. A splen- 
did chapter on ‘Graphical Representa- 
tion’ covers concepts too often neglected 
in general chemistry, an tinderstanding 
of which is essential in advanced courses. 
Explanations are interestingly written, 
with excellent examples solved by logical 
methods. Following these are problems 
for the student, 308 in all. Written in a 
clear style, the book can be used as a 
companion to any text on general chem- 
istry or as an elementary text in a chemi- 
cal arithmetic course. It will be ex- 
tremely valuable to the student, whether 
used in the classroom or for outside study, 
since it represents a self-teaching text. 
E. G. VANDEN BOSCHE 


UNIVERSITY OF MARYLAND 
BALTIMORE, MD. 


Industrial Chemical Calculations. O. A. 
HoucEN, Ph.D., Associate Professor of 
Chemical Engineering, and K. M. Wat- 
son, Ph.D., Assistant Professor of 
Chemical Engineering, University of 
Wisconsin. John Wiley and Sons, Inc., 
New York City, 1931. vii + 502 pp. 
89 Figs. 15 X .23 cm. $4.50. 


The purpose of this book is “‘the appli- 
cation of physico-chemical principles and 
data to problems of industry.” It is 
not a chemical engineering text, since it 
does not deal with those concepts of the 
flow and measurement of fluids and heat 
and the design and use of equipment for 
carrying out unit operations. The book 
covers quite thoroughly all of the impor- 
tant principles of physics and physical 
chemistry which are now used in industry. 
Stoichiometrical relations, the kinetic 
molecular theory as applied to gases, 
liquids, and solids, thermophysics, thermo- 
chemistry, weight and heat balances, 
and equilibria are among the topics dis- 
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cussed. The treatment is fuller than 
is possible in general texts of physics and 
physical chemistry. Each principle is 
made quite clear by illustrative, problems 
which are worked out in detail. At the 
end of each chapter are a number of 
problems to be solved. All problems 
are based on actual industrial practice. 
The illustrations are mainly in the form 
of clear and usable graphs. Some twenty- 
five tables of very discriminatingly chosen 
data are given. 

The book can be used with considerable 
success by any one who has had the funda- 
mentals of physics, but is much more 
valuable to those who have also had a 
thorough college course in physical chem- 
istry. Asa college text it should be used 
by classes who haye completed physical 
chemistry, and is equally valuable to 
chemists and chemical engineers. .Proba- 
bly many courses which have waited for 
the appearance of such a book as this will 
be developed. The book has now a much 
broader field than that of a college text, 
A great many chemists, chemical engi- 
neers, and even engineers in other fields 
who have had little chemical training, 
will welcome it as a guide in their work, 
which will enable them to salve the com- 
plex problems of industry systematically 
and scientifically, 

W. T. Reap 


RUTGERS UNIVERSITY 
New Brunswick, N. J. 


MISCELLANEOUS PUBLICATIONS 


Notes on Blowpipe Analysis, NiIcHOLAS 
KnicutT, Professor of Chemistry, Cor- 
nell College, Mount Vernon, Iowa. 13th 
edition. Published by Cornell College, 
1932. 19 pp. 13 X 15.5cm. 


Women in Industry. Mary ELIzABETH 
PmwcEon. U.S. Dept. Interior, Bulletin 
of the Women’s Bureau, No. 91. U.S. 
Government Printing Office, Washing- 
ton, D. -C., 1931. (For sale. by the 
Superintendent of Documents, Wash- 
ington, D.C.) vii + 79 pp. 15 X 23 
em. $0.15. 
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Prepared in response to repeated re- Biennial Survey of Education in the Unite 
quests for material arranged for group States, 1928-30. Chapter III. Secon. 
study on gainfully employed women, this dary Education, Cart A. Jrgspy 
bulletin presents in concise and simple Specialist in Secondary E ducasie 
form the findings of the Women’s Bureau 7 ; ‘ 

. . U.S. Dept. Interior, Bulletin, 1931, No 
gathered during 11 years’ research on the 20. U.S. Go t Print; ei 
conditions and problems of working RSs Fee yee Soa ae 
women. We believe that this material will Washington, D. C., 1931. (For sale by 
be of considerable heip to teachers who are the Superintendent of Documents, 
dealing with such subjects in connection Washington, D.C.) 23 pp. 15 x 3 
with civics and economics courses. cm. $0.10. 


Lists eight forerunners of cancer of digestive tract. Eight conditions of injury 
or degeneration which occur in the digestive tract before the development of cancer 
were listed by Prof. Matthew J. Stewart of the University of Leeds in a series of lectures 
delivered before the Royal College of Physicians in London and reported in the Lancet, 
British medical publication. 

‘At the present time it is probably true to say that the most hopeful side of cancer 
research is that concerned with the demonstration of local causative factors, and the 
recognition and prevention of precancerous lesions of one kind or another,” Prof. 
Stewart declared at the beginning of his first lecture. 

“Unfortunately it is to the more superficial forms of malignant disease, a very small 
fraction of the whole, that this principally applies.” 

Conditions of the digestive tract that may develop into cancer are not so definitely 
known as precancerous conditions elsewhere in the body, Prof. Stewart pointed out, nor 
are the opportunities so good for preventing cancer of the digestive tract. 

In one year there were 56,896 deaths from cancer in England and Wales, according 
to the official figures he quoted. Of these, over half in men and nearly half in women 
were referable to the digestive tract. 

Prof. Stewart divided the chief precancerous conditions into three groups. The 
first consisted of chronic inflammatory conditions, such as sores due to burns and chemi- 
cal caustics; cirrhosis of the liver; certain diseased conditions of the gall bladder; chronic 
stomach ulcer; chronic inflammation of the stomach; chronic duodenal ulcer; and three 
conditions less well known to the layman, diverticulitis, hemochromatosis, and leoecop- 
lakia. The second group consisted of simple tumors which may be forerunners of can- 
cer. The third group consisted of sores or injuries due to animal parasites.—Science 
Service 

Speeding electrons make large molecules form. By shooting high-speed electrons 
into vapors of various organic substances, some new substances with larger molecule: 
than the original ones have been formed at the University of Toronto by Prof. J. C. 
McLennan and Dr. W. L. Patrick. 

Grain alcohol, methyl alcohol, formaldehyde, acetaldehyde, and acetone, simple 
organic substances, were used in these experiments. Gaseous hydrogen, methane, and 
carbon dioxide were formed by the later decomposition of the yellow complex compounds 
formed under the direct action of the rays. 

The initial clumping process, called ‘“‘condensation” by chemists, is expected to 
assist in solving new problems of the structure of chemical compounds. Similar com- 
plex substances have already been formed by exposing organic vapors to the bombard- 
ment of radium gamma rays.—Science Service 
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A TRIBUTE TO EDGAR FAHS Syrra ane 


This number of the JOURNAL OF CHEMICAL EpucaTion, is. ‘designed a asa 
memorial and a tribute to Dr. Edgar Fahs Smith—chemist, téather of 
chemists and of teachers, friend, and inspirer of all with whom he 
came in contact. To those who knew Dr. Smith personally no explana- 
tion or justification of such a tribute is necessary. Others may glean 
from the following lines,* penned by Dr. Walter T. Taggart a few years 
before Dr. Smith’s death, some conception of the influence his life and 
work exerted upon chemists and chemical education in the United 


States. 


Opening the door of a quiet study, softly lighted from high 
windows, walls lined with books and rare prints of eminent chemists 
of the ages—glimpsing here an ancient lock wrested from the door 
of Priestley’s laboratory in Birmingham as it was destroyed by the 
mob, there a delicate balance brought by the aged exile to America— 
one senses contact with a personality before one sees, seated at the 
desk, the quiet figure of a man, Edgar Fahs Smith—teacher, ad- 
ministrator, author, chemist. Human, and of a generous and 
lovable nature, with a handclasp firm, warm, and sincere, his quiet 
smile puts one immediately at ease. Sympathy and strength seem 
to radiate from his person. A most friendly man, he makes friends 
and keeps them in all parts of the world. Not in a weak optimism, 
but in virile strength and sound judgment he thinks kindly of human 
nature. 

A son of the soil of Pennsylvania, of pioneer American descent, 
educationally the product of an old-fashioned college curriculum, 
broadly trained in the humanities, specializing later in chemistry in a 
foreign university, a pupil of W6hler—Dr. Smith’s keen and correct 
appreciation of persons and policies, his power of concentration, of 
rapid and effective accomplishment of details demanding his atten- 
tion, the never-flagging energies of his efforts, are qualities that have 
made him a marked man, and caused his University, his State and the 
Nation to press him into services quite foreign to those of his chosen 
guild—chemistry. 

A teacher of chemistry for forty-four years, twenty-one of which 
were combined with administrative service, first as vice-provost 
and then provost of the University of Pennsylvania. Dr. Smith’s 
career may be summed up as one which for length and richness has 
seldom, if ever, been equaled in the history of American collegiate 
education. An enthusiastic, inspiring teacher, an able and efficient 
administrator, he fairly won the title of the ‘best beloved college 
president of his generation.” 

Dr. Smith is a firm believer in the creed that it is better to wear out 
than to rust out, and his intense industry and happy disposition fur- 
nish a living example of the joy of work. Gifted with rare ability 
as an investigator, his contributions in chemistry have made his 
name familiar to students of science throughout the world. More 
than 200 scientific papers have been published by him, as well as 
numerous books on chemistry... . 


* Reprinted from J. Ind. & Eng. Chem., 14, 1158 (Dec., 1922). 
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In his valuable contributions to the field of historical chemistry, 
Dr. Smith has accomplished that rare thing—the imparting of 
literary charm to a scientific subject. Opening a door more than 
a century old, he has let us peep at the babyhood of American 
chemistry. In his biographies... he has put flesh on the skeletons of 
pioneers in the science, making them living, breathing personalities, 
depicting their struggles and achievements in a manner inspiring to 
patriotic Americans of the present generation. 

Numerous honors and rewards . . . have come to this man of many- 
sided interests. Thrice elected to the office of president of the 
American Chemical Society, his administrations have been charac- 
terized by untiring work for the protection of American chemical 
industries that America may be free from foreign domination, by 
aiming to build up American chemical literature, by urging a 
broader education for chemists as a proper foundation upon which to 
build for research, and by emphasizing the study of what American 
chemistry has done that American work, already large, may be ap- 
preciated. 

Service, yes, in the highest sense of the word—service to man- 
kind—so runs the record of Edgar Fahs Smith. 


The theme of kindly, helpful interest in his fellow-man is one which 
permeates all the reminiscences of those who were closely associated 
with him. At the Memorial Service in Dr. Smith’s honor at the Uni- 
versity of Pennsylvania, Provost Penniman recalled to the audience the 
lines that Matthew Arnold wrote of his father in ‘“Rugby Chapel”: 


What is the course of the life 

Of mortal men on the earth? 
Most men eddy about 

Here and there, eat and drink, 
Chatter and love and hate, 
Gather and squander, are raised 
Aloft, are hurled in the dust, 
Striving blindly, achieving 
Nothing; and then they die,— 
Perish; and no one asks 

Who or what they have been 
More than he asks what waves 
In the moonlit solitudes mild 

Of the midmost ocean, have swelled, 
Foamed for a moment, and gone. 


And there are some whom a thirst 
Ardent, unquenchable, fires, 

Not with the crowd to be spent, 
Nor without aim to go round 

In an eddy of purposeless dust, 
Effort unmeaning and vain. 

Ah, yes! some of us strive 
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Not without action to die 

Fruitless, but something to snatch 
From dull oblivion, nor all 

Glut the devouring grave, 

We, we have chosen our path,— 
Path to a clear-purposed goal, 

Path of advance; but it leads 

A long, steep journey, through sunk 
Gorges, o’er mountains in snow. 


Cheerful, with friends, we set forth: 
Then, on the height, comes the storm. 
Thunder crashes from rock 

To rock; the cataracts reply; 
Lightnings dazzle our eyes; 

Roaring torrents have breached 

The track; the stream-bed descends 
In the place where the wayfarer once 
Planted his footstep; the spray 

Boils o’er its borders; aloft, 

The unseen snow-beds dislodge 

Their hanging ruin. Alas! 

Havoc is made in our train! 

Friends who set forth at our side 
Falter, are lost in the storm. 

We, we only are left! 


With frowning foreheads, with lips 
Sternly compressed, we strain on, 
On; and at nightfall at last 

Come to the end of our way, 

To the lonely inn ’mid the rocks; 
Where the gaunt and taciturn host 
Stands on the threshold, the wind 
Shaking his thin white hairs, 

Holds his lantern to scan 

Our storm-beat figures, and asks,— 
Whom in our party we bring? 
Whom we have left in the snow? 
Sadly we answer, We bring 

Only ourselves! we lost 

Sight of the rest in the storm. 
Hardly ourselves we fought through, 
Stripped, without friends, as we are. 
Friends, companions, and train, 
The avalanche swept from our side. 


But thou wouldst not alone 
Be saved, my father! alone 
Conquer and come to thy goal, 
Leaving the rest in the wild. 
We were weary, and we 
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Fearful, and we in our march 
Fain to drop down and to die. 

Still thou turnedst, and still 
Beckonedst the trembler, and still 
Gavest the weary thy hand. 

If, in the paths of the world, 

Stones might have wounded thy feet, 
Toil or dejection have tried 

Thy spirit, of that we saw 

Nothing; to us thou wast still 
Cheerful, and helpful, and firm! 
Therefore to thee it was given 

Many to save with thyself; 

And, at the end of thy day, 

O faithful shepherd! to come, 
Bringing thy sheep in thy hand. 


And through thee I believe 

In the noble and great who are gone; 
Pure souls honored and blest 

By former ages. . . 


Such being the temperament of the man, it would be a source of deep 
satisfaction to him to know that the memorabilia which he assembled 
with so much pleasure and which he employed so generously during his 
lifetime are to be made permanently available to others who shared his 
own love and enthusiasm for chemical history and biography. Mrs. 
Smith, whose unselfish devotion to the interests and welfare of Dr. Smith 
throughout his lifetime are well known, has been chiefly instrumental in 
She personally conveyed to the 
Divisions of Chemical Education and History of Chemistry in joint 


assuring this happy consummation. 


session at Buffalo the following announcement: 


I am happy to have this opportunity to tell you in person what 
you have seen perhaps in print, that Dr. Smith’s collection relating 
to the history of chemistry has been endowed and is available for 
the use of any who are interested. Through the kind coéperation 
of President Gates and Provost Penniman, of the University of 
Pennsylvania, the collection is housed in my husband’s former 
offices in the Harrison Laboratory of Chemistry. The curator, 
Miss Armstrong, will be pleased to answer any inquiries in regard 
to it. 

The collection comprises a library of approximately 1000 books re- 
lating to alchemy and chemistry, dating from the fifteenth century, 
1000 portrait prints and engravings of alchemists and chemists, 
and 600 autograph letters and manuscripts. It is being cataloged, 
and it is my hope to have the catalog printed and later distributed 
to university libraries and departments of chemistry and chemical 
societies. 
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Since March Ist, 1931, when the curator was placed in charge, 
numerous inquiries for historical data have been received from 
various universities in this country and from individuals abroad. 
The whole object of the endowment is to make the collection useful 
and accessible to those who are interested in that branch of the 
science which was so dear to Dr. Smith’s heart. Gathering these 
objects was a labor of love on his part and nothing would please him 
more than to have the material available to those who have the same 
interest in it which he had. 

In closing may I say that any reprints relating to the history of 
chemistry or to biographical data in regard to chemists would be 
most gratefully received. Such gifts will be carefully preserved and 
a card placed in each bearing the name of the donor. 


In amplification of Mrs. Smith’s modest invitation for the donation of 


historical and biographical reprints we should like to quote and endorse a 
suggestion made by Dr. C. A. Browne. 
follows: 


Dr. Browne has written us as 


Since it is the desire of Mrs. Smith that the collection of Dr. Smith 
be of growing service to chemists it would seem to me appropriate 
that an appeal be made to chemists who have autograph letters, 
prints, rare books, and other historic material of famous chemists 
that they arrange for its ultimate deposition in the Edgar Fahs Smith 
Memorial Collection. The large number of interesting association 
books which Dr. Smith donated to friends with characteristic inscrip- 
tions might also be returned to the collection as interesting evidences 
of his charming personality. J have made arrangements to deposit all 
such material belonging to me in the Edgar Fahs Smith Memorial Collec- 
tion. 


In view of the major interest of Dr. Smith’s later years it was altogether 


appropriate that the two divisions of the American Chemical Society 
with which he was so closely associated should have chosen to honor his 
memory by means of a joint symposium on ‘‘The History of Chemical 


Education in America.” 
at which Mrs. Smith was the guest of honor, will be found elsewhere in 


this number. 


The papers contributed to that symposium, 


* The italics are the editor’s. 
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EDGAR FAHS SMITH* 


WALTER T. TAGGART, UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PENNSYLVANIA 


On the evening of Thursday, May 3, 1928, Dr. Edgar Fahs Smith, thir- 
teenth provost of the University of Pennsylvania, died in the university 
hospital, following an illness contracted only a few days previously. 

The announcement of Dr. Smith’s death came as a thunderbolt to his 
many friends, as he had been in apparent good health. Within a few 
hours men in every part of the world were mourning his loss. Thousands 
of the alumni, the faculty, and the student body felt that they had lost one 
of the staunchest of friends and counselors. The people of the city of 
Philadelphia, where he lived and 
labored for half a century, recog- 
nized him as one of their foremost 
citizens. The flags upon the munici- 
pal buildings were lowered to half- 
mast as a tribute to his memory. 
From every part of the United States 
messages of sympathy were received, 
testifying in the highest terms to the 
esteem and admiration in which he 
was held. 

His fifty years with the University 
of Pennsylvania, which he faithfully 
served as teacher and administrator, 
will always be referred to as one of 
the most important periods in the 
history of the institution; his con- 
tributions to science during that Courtesy: Sirs; Edger f. Satth 
period won for him the highest 264" F oe yrs aca A STUDENT 


tributes of the scientific world. 
In his chosen field he was invariably referred to as one of the most 


eminent American chemists and some of his investigations and discoveries 
have been of the utmost value to the industrial world. As a result of 
his researches, which were generously contributed for the advancement of 
science, he made himself a true benefactor of mankind. 

As a teacher he was interesting and inspiring, always patient and pains- 
taking; his advice was freely sought and generously given; no wonder that 
he should be Beloved of Pennsylvania Men. 

As a man he was deeply religious, unassuming, easily approachable, com- 
panionable, sympathetic, quiet and lovable in disposition, and always 





generous. 
Dr. Smith was born at York, Pennsylvania, May 23, 1854. His early 


* Reprinted by the kind permission of the author and of J. McKeen Cattell, editor 
The article was originally published in Science, 68, 6-8 (July 6, 1928). 
613 


of Science. 











JOURNAL OF CHEMICAL EDUCATION APRIL, 1932 


education was received in 
the York County Acad- 
emy, and in 1872 he 
entered the junior class 
of Pennsylvania College 
at Gettysburg, from 
which he was graduated 
in 1874 with the degree 
of bachelor of science, 
While a student at Get- 
tysburg, his interest in 
the study of chemistry 
and mineralogy attracted 
the attention of Dr. 
Samuel P. Sadtler, who 
urged him to specialize 
along those lines. This 
was the beginning of an 
eventful career. He en- 
tered the University of 
G6ttingen, Germany, 
where he studied under 
the celebrated Friedrich 
Wohler, and was gradu- 

THE PARCHMENT PRESENTED IN 1926 BY THE Uni- ted in 1876 with the de- 
VERSITY OF GO6TTINGEN TO Dr. SMITH RENEWING, grees of A.M. and Ph.D. 


, His D fe) L ; . 
whee eaene Years, His Doctor OF PHILOSOPHY In 1926 the University 


Edgar Fahs Smith Memorial Collection, 
University of Pennsylvania 


of Gottingen again hon- 
ored Dr. Smith by renewing his doctor of philosophy degree for his “‘fifty 
years of science as a teacher and investigator.” 

Upon returning to America he was appointed instructor in chemistry at 
the University of Pennsylvania, which position he held until 1881, when he 
accepted the Asa Packer professorship of chemistry at Muhlenberg College; 
he remained here for two years and in 1883 went to Wittenberg College, 
Springfield, Ohio, as professor of chemistry. In 1888 he was recalled to 
the professorship of chemistry at the University of Pennsylvania, serving 
in this capacity until 1907, when he became Blanchard professor of chem- 
istry, which chair he held until 1920, when he retired and was made 
emeritus professor of chemistry. In 1898 he was elected vice-provost, 
holding the office until 1911. Upon the retirement of Dr. Charles C. 
Harrison, he was elected provost of the university. 

During his long connection with the University of Pennsylvania Dr. 
Smith was the recipient of many honorary degrees in recognition of his 
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edin contributions to the field of science. Upon three occasions the University 
cad- of Pennsylvania conferred honorary degrees upon him: doctor of science 
he in 1899, doctor of laws in 1906, and doctor of medicine in 1920. Dr. 
class Smith’s other honorary degrees were: 
lege Sc.D. University of Dublin, 1912; Yale, 1914; Lafayette, 1924; Wittenberg, 1927 
rom Chem.D. University of Pittsburgh, 1915. ; 
ated LL.D. Wisconsin, 1904; Pennsylvania College, 1906; Franklin and Marshall, 1909; it 
Rutgers, 1911; University of Pittsburgh, 1912; University of North Carolina, 
Bree 1912; Princeton, 1913; Wittenberg, 1914; Brown, 1914; Allegheny, 1915; 
a“ Queens College, Ontario, 1919; Temple, 1922; and Dickinson College, 1925. : 
xet- L.H.D. Muhlenberg College, 1911. 
in Litt.D. Swarthmore, 1918. F 
try Aside from his activities as a teacher, investigator, and administrator, i 
ted he was the author of many scien- 
Dr. tific works on chemistry. His 
vho “Blectrochemical Analysis,” 
lize which appeared in 1890, went 
his through ten editions, including : 
an translations into French, Ger- 
nl- man, Italian, and Russian. His 
of translations of Richter’s ‘‘Inor- 
ly; ganic Chemistry”’ and Richter’s 
ler “Organic Chemistry’ likewise 
ch passed through many editions ¢ 
u- and rendered a valuable service ifi 
e- to English-speaking chemists. 
D. In addition to these Dr. Smith 
ty was the author of numerous 
a books on the history of chem- 
y istry, including “Chemistry in 
America,” 1914; ‘‘Robert Hare,” 
it 1917; ‘James Woodhouse,” 1918; we 
e “Chemistry in Old Philadelphia,” Courtesy Mrs. Edgar F. Smith 
+ 1918; “Priestley in America,” Epcar Faus Smiru, 1876, As HE APPEARED 
, 1920: and “Old Chemistries,” WHEN APPOINTED INSTRUCTOR IN THE UNI- 
, ’ VERSITY OF PENNSYLVANIA IN THAT YEAR ) 
1927. Among his many bro- 
- chures on the history of chemistry are included ‘‘A Half Century of Mineral 
5 Chemistry in America, 1876-1926”; ‘‘Early Science in Philadelphia, 1926; 
, “Joseph Priestley” (Priestley medal lecture), published in Science, 1926. ‘ 


, Dr. Smith was elected a member of the National Academy of Sciences 
in 1898, was president of the American Philosophical Society from 1902 to 
1908, and was president of the American Chemical Society in 1895, and 
again in 1920 and 1921. He was elected president of the History of Science 
Society for 1928. 
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He was an honorary member of the American Chemical Society, 
the American Electrochemical Society, the Société de Chimie Industrielle 
of France, the American Institute of Chemists, the Philadelphia College 
of Pharmacy and Science, the Chemical, Mining, and Metallurgical Society 
of South Africa, and the Chemists’ Club of New York. He was a mem- 
ber of the Phi Kappa Psi Fraternity, and of Phi Beta Kappa, Sigma 
Xi, and Phi Lambda Upsilon societies. 

In 1893 he wasa member of the jury of awards of the Chicago Ex- 
position and a member of the 
United States Assay Commission 
in 1895, 1901-5. In 1902, he 
served as an advisor of the 
Carnegie Institution, and from 
1914 to 1920 he was a trustee of 
the Carnegie Foundation. From 
1911 to 1922 he was president of 
the Wistar Institute of Anatomy. 

Dr. Smith twice served as a 
member of the Electoral College 
for Pennsylvania—1917 and 1925. 
In the latter year he was president 
of the Electoral College. In 1919 
he was a member of the commis- 
sion for the revision of the con- 
stitution of Pennsylvania. Fol- 
lowing the World War, in 1921, 
President Harding appointed Dr. 
Smith to the board of technical 
advisors in connection with the 
disarmament conference. He also 
served as chairman of the inter- 
national committee on poison 
gases and high explosives. 





Courtesy Mrs. Edgar F. Smith ; 
Epcar Fans SmirH as He APPEARED IN For his distinguished service 
1912 ON THE OCCASION OF RECEIVING THE jn the field of chemistry, Dr. 


HONORARY DEGREE OF Sc.D. FROM THE UNI- 


VERSITY OF DUBLIN Smith was made, in 1923, an 


officer of the Legion of Honor of 

France. In 1914, The Franklin Institute awarded him the Elliott Cresson 

medal for his work in electrochemistry, and in 1922 Columbia awarded 
him the Chandler medal for his contributions in historical chemistry. 

On September 9, 1926, the American Chemical Society awarded him 

the Priestley medal for his distinguished services to the science of 

chemistry. 
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Courtesy Mrs, Edgar F. Smith 
EpGAR Faus SMITH IN 1923 


Meeting of American Chemical Society, New Haven, Connecticut. 
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In connection with his period of service as provost of the University of Al 
Pennsylvania from 1911 to 1920, inclusive, a few references to the results 
of his administration are interesting. During that ten-year period, the gi 
student enrolment and the teaching staff were doubled; the Henry Phipps 
Institute was realized and incorporated in medical teaching; the Evans » 
Dental Institute Building was erected and dedicated; the Duhring bequest Sm 
of more than one million dollars was received; a maternity home erected and gr 
the surgical pavilion started; the merger of the Medico-Chij and Polyclinic the 
Hospitals with the University Post-Graduate School of Medicine was con- stu 
summated; division of the college into (a) College, (0) Towne Scientific : 
School, (c) Wharton School, (d) School of Education; division of the - 
department of engineering into (a) mechanical engineering, (5) electrical ( 
engineering; college courses for teachers developed; extension courses 
throughout the state incorporated; the university’s educational influence 
extended along many lines, and made to serve home, state, and nation; 
marked emphasis was laid on research in every department. 

The long list of Dr. Smith’s investigations in many fields of chemistry ; 
need not be detailed here. Chief among them were electrochemistry, . 


the complex inorganic acids, the rare earths, and the revision of the atomic 
weights of the following elements: palladium, molybdenum, selenium, 
tungsten, tantalum, columbium, boron, and fluorine. His investigations 
on the rarer elements—tungsten, molybdenum, vanadium, columbium, 
tantalum, rubidium, and cesium—have been numerous. 

Much has been said about the scholarly attainments of Dr. Smith, 
but there were many personal traits which are of interest. Alive to the 
spiritual problems of his students, he found time to conduct the Chapel 
services at the University of Pennsylvania for many years. He was 
truly a friend of man as exemplified in the homely verses by Sam Walter 
Foss: 


Let me live in a house by the side of the road, 
Where the race of men go by— 

The men who are good and the men who are bad, 
As good and as bad as I. 

I would not sit in the scorner’s seat, 
Or hurl the cynic’s ban— 

Let me live in a house by the side of the road, 
And be a friend to man. 


This capacity for friendship is illustrated in the words of one of his 
friends, the late Professor Edward Hart, who wrote: 


Our friendship has been a very long and pleasant one and has been 
punctuated by all sorts of pleasant incidents. You have been kind to 
my blunt Quaker ways and have won the benefit by winning a very 
real regard. 
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And from far-off India, one who knew him has written: 


His courtesy, kindness, and warmth of heart were as evident as his 
great enthusiasm for his ‘“‘hobby’’—the history of chemistry. 

Mrs. Edgar F. Smith has donated to the University of Pennsylvania Dr. 
Smith’s valuable collections of historical books, pamphlets, letters, and en- 
gravings relating to chemistry which will be preserved intact in his office in 
the John Harrison Laboratory, where they will be available to chemists for 
study and research. 

The staff of the department of chemistry has resolved to perpetuate the 
memory of Dr. Smith by annually observing the birthday 

Of one, who by his precepts, initiative, and industry exerted upon us 

as individuals, upon this staff as a group, upon the entire University 

and, to no inconsiderable degree, upon the affairs of the world, an in- 
fluence that could only be exerted by a Master of his chosen profes- 
sion, an inspiring teacher, a considerate and tolerant advisor. 

In sight of the laboratory which Dr. Smith planned and in which he 
labored for so many years there stands on the campus of the university, 
surrounded by nature’s green, a statue, bearing the fitting legend: 


EpGarR FAuS SMITH 
Provost 1911-1920 
Teacher Investigator Friend 








SIDELIGHTS ON THE LIFE OF DR. EDGAR FAHS SMITH 


EDITED BY HARRISON HALE, UNIVERSITY OF ARKANSAS, FAYETTEVILLE, ARKANSAS 


In an effort to furnish a definite and clearcut idea of the man himself. 
some of those who knew Dr. Smith best were asked to recall some incident in his 
life. 

The first of these was written some years ago by the late Dr. Allen J. 
Smith, his brother, and was made available by Miss Eva Armstrong. 


The writer of this sketch first had the honor of introduction to Edgar 
Fahs Smith in the early winter of 1863-64, when the vice-provost was a 
small boy of some nine years of age, and when the writer himself was of 

still more tender age, and of 
practically no experience of men 
and things of this world. The 
introduction was perforce a fa- 
vorable one, and could not well 
be avoided on either side.... 
It was followed—at least on one 
side—with a feeling of regard 
and respect, verging on worship, 
developed within the association, 
that of the urchin for his big 
brother, in spite of the fact that 
the youngster’s life was often 
jeopardized and painful bruises 
inflicted by accidental upsets 
from the old baby-coach when 
the vice-provost ran desperate 


heisgay tik. see A aegis foot-races with other boys and 


Epcar Fans SMirH aT A PerropSomewnat Other coaches. My own recol- 
EARLIER THAN THAT MENTIONED IN THE lections are not vivid, but I am 


OPENING OF THIS SKETCH i ‘ ‘ 
informed that in a passive way I 
took part in some of the early chemical investigations of my brother, as 
when, one rainy morning long ago, he was “‘projickin’ round”’ on the high 
chimney shelf in the old kitchen of our home and managed through fault of 
technic to upset a box of washing-blue upon my white head, and at- 
tempted to wash it out lest visible evidence of his adventures be borne 
to the central office. It would not wash out, and I remained for weeks 
a prominent figure in the local landscape from the efforts of the embryo 
chemist. Memory would not, however, attach much of discredit to the 
boy at that or later periods. In point of fact he escaped most of the 
discredits and transferred them with his old school books, outgrown coats, 
and bad habits, an occasional profanity, and the use of tobacco, to his 
corporal’s guard of a brother. To the latter he seemed always quite 
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right and hopelessly inimitable in the neat precision (not at all lady- 
like, however) with which he invariably carried out his performances. 
His shoes always shone; and he religiously spread a neat little white hand- 
kerchief upon the porch before trusting his immaculate trousers to its 
possibly dusty surface when he sat before the front door of evenings, as 
was the custom of those days. His books were well covered and, although 
in constant use, their pages were spotless; and the urchin brother, who was 
myself, was permitted to handle them only after a thorough preliminary 
washing of hands. He rarely urgently required a trouncing, but obtained 
it without difficulty when actually in need and always accepted it with 
proper resignation in the spirit in which it was administered and without 
very much distribution of woe. In other words, he was that sort of a good 
boy that is not so very good that he dies young, but decent, wholesome, 
and just good enough to be worth while. 

He would have been successful under any conditions—his natural bent 
toward reasonable precision and method guaranteed that; but the measure 
of his success he owes in particular to two persons—his mother and his 
old teacher, Dr. George W. Ruby, principal of York County Academy for 
nearly a generation. Night by night, in the light of an old-fashioned fat 
lamp, his mother had the boy work out and recite to her all his lessons for 
the following day, and no half acquaintance with the tasks was acknowl- 
edged or allowed. The innate aim for thoroughness was formed into a 
reality at his mother’s side, and what power of analysis and memory nature 
gave him was educated into a habit of easy practice.... It was while at- 
tending the York Academy that in association with a coterie of kindred 
spirits Dr. Smith established and for several years was in turn, or all at one 
time, editor, contributor, compositor, pressman, and financial agent of a 
youthful publication known as ‘‘Our Effort’’—a short-lived effort, dying 
promptly when the boys who built it up passed from the old school into 
college. Dr. Smith in this experience learned sufficiently the trade of 
printing to have been repeatedly accepted in holidays to do substitution 
and special work as compositor or proofreader in the office of one of the 
important publishing houses of the town; and his claim to be a typothete 
fits well the man who has sat in Franklin’s old chair in the Philosophical 
Society, and worked as he has for the glorification of the University that 


Franklin founded. 


Dr. Chas. L. Parsons, Secretary of the American Chemical Society since 
1907, writes: 
Fortunately I met Dr. Smith shortly after I graduated from Cornell in 


1888. Just why he adopted me immediately as a protégé I have never 
known and can only solve by believing it was his habit. I have never 
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known an individual with a more magnetic, friendly personality thay 
he. He had the power of making each of his friends conscious of his 
special personal interest. He had a real influence on my life as he cf 
on thousands of others. He called me ‘Charlie’ from the day he 
me until the day he died. He called other thousands by their fit 
names, too. He put me on his list to receive a little letter he sent out to 
his boys and I considered myself one of his boys until he died. His. 
interest in me wasreal. Of that I am confident, but there are thousands 
of others who have the same feeling 
as I. He was a great man, a great 
educator, a great politician, a great 
author, and a great chemist. It was 
his great heart, however, that out. 
shone all. He influenced his country 
for good, his state for good, his uni- 
versity for good, his profession for good, - 
and every individual who was so for- 
tunate as to know him as well. His 
influence still lasts. His portrait, the 
only adornment of my office walls, 
smiles on me daily and is an inspira- 
tion still. 


Dr. Owen L. Shinn, Head of the 

Department of Chemistry, University 

of Pennsylvania, who as student and 

colleague was associated with Dr. Smith 

for nearly forty years, spoke before the 

joint meeting of the Divisions of Chemi- 

re ee ERP Ts ee cal Education and of the History of 

Chemistry held in honor of Dr. Smith 

at Buffalo, September 1, 1931. Using the subject ‘‘Edgar Fahs Smith— 
Teacher,’”’ Dr. Shinn said: 


It was my good fortune to be a pupil of Dr. Smith when he was only 
professor of analytical chemistry, before he was burdened with the cares 
of the department and long before he was overburdened by the vice- 
provostship or provostship. Then there was nothing for him but teach- 
ing and research. He had the qualifications of the ideal teacher as defined 
by Dr. Segerblom at a recent meeting of this division: a knowledge of and 
love for chemistry, and a love for the student and an interest in his wel- 
fare. He knew each student. Each man was an individual and not just a 
member of a class. 
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| 
Edgar Fahs Smith Memorial Collection, University of Pennsylvania 


Dr. CHarLeEs L. Parsons, Dr. E. C. FRANKLIN, AND Dr. EpGar Fans SMITH, 
New Haven, ConneECTICUT, 1923 


The laboratory rather than the classroom was where he did his most 
effective teaching. Well do I remember the afternoons when he would 
pull a stool up to our desks and ask, ‘“‘What are you doing?” and then 
“Why are you doing it that way?’ We very soon found out that ‘“That 


is the way the book has it’’ was not the right answer. We must know the 
reason for each step. His next question would be one such as “How else 
could you do it?” or ‘“‘Could you use sodium hydroxide instead of am- 
monia?”’ If we did not know, we would be told to “‘try it.’’ I think those 
two words were about as important and frequently used as any. We were 
enjoined to try it and try it again until we had things fixed firmly in our 
minds. Drill was the order, and drill it was, long and intensive, but no 
student, no matter how much he disliked the persistence and the insistence 
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Edgar Fahs Smith Memorial Collection, ee 
University of Pennsylvania 


of the drilling, failed to feel the kindly interest of the drillmaster: One of 
his colleagues said to him, ‘‘Smith, if you keep that up you will be the most 
unpopular man on the campus.”’ His answer was, ‘‘I am not here to be 
popular but to get chemistry into these boys.”’ His critic is now but a 
name, but he is a cherished memory to all who studied under him. 

“Facts remain, theories may change overnight,’ was one of his favorite 
expressions, consequently theories were not stressed as they are by most 
teachers today. He was very fond of theories in a historical way, but used 
the history of their downfall by experimental observations to illustrate 
the fallibility of theories. 

His classroom quizzes were not systematic. He might start with the 
quantitative determination of sodium and get to the history of the dis- 
covery of chlorine, not by jumps but in a perfectly orderly and logical way. 
No course that he gave, except perhaps his freshman lectures, could be 
confined to the field limited by the name that it bore, but it always took a 
general scope. His wide knowledge and his wonderful ability to remember 
details were rather discouraging to those who strove to follow in his foot- 
steps. His lectures were always clear and full of facts, but the ones that 
his former students remember with the most pleasure are those in which 
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Courtesy Allen Rogers 


STUDENTS OF ABOUT 1903 WILL RECALL THIS 
CHARACTERISTIC GARB AND PosE 


Edgar F. Smith, the man. 


gineering, Pratt Institute, writes: 


take graduate work in chemistry. 








Although I can think volumes about Dr. 
to put these thoughts to the tune of words. 
was in the fall of 1900 when I entered the University of Pennsylvania to 
I well remember that day when he met 
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he got a bit off the subject 
at hand and talked about 
unusual things he had un- 
earthed in literature, experi- 
ences he had had in the 
laboratory, or intimate facts 
about some old chemist or 
chemical discovery. 

Dr. Smith always insisted 
that the laboratory be run 
with but one rule: “‘Be fair.” 
He never bothered with at- 
tendance records, never called 
the roll, but always knew when 
a student was absent, and that 
was very seldom. A bluffer 
did not remain in the depart- 
ment very long. There never 
was a question of discipline. 
The graduate students do not 
look back so much on their 
lecture-room experience with 
Dr. Smith as to their intimate 
contact and discussions over 
their work, when he would 
adopt the same method that 
I mentioned before and sug- 
gest “try it.’’ I have fre- 
quently heard him say, “It 


eS may not work, but just for 


fun let us try it.” 
I have known others who 
have tried to imitate his 


methods of teaching and have failed to get results, which leads us to the 
conclusion that the success of Edgar F. Smith, the teacher, was due to 


Dr. Allen Rogers, Head of the Department of Industrial Chemical En- 


Smith, I find it very difficult 


My first contact with him 





Vou. 9 


me it 
he ge 
gethe 


loves 











» 1982 


bject 
about 


xperj- 
1 the 

facts 
st or 


isted 
run 
air,” 
at- 
Jled 
hen 
hat 
ffer 


ver 
ne, 
ot 
Sir 











Vou. 9, No. 4 SIDELIGHTS ON DR. SMITH’S LIFE 627 


me in the hall of the Harrison Laboratory and the cordial reception that 
he gave me. I can see him now in that white linen coat as we sat to- 
gether in the little office and talked over my program. From that day I 
loved him as a father, and up to the time of his departure we were the 
closest of friends. I was very fortunately assigned Room 3 on the second 
floor just at the head of the stairs, and on his rounds to visit the students he 
would drop in to talk over the research problem to which I had been as- 
signed. After a fruitless attempt to gain some added knowledge about the 
bromides of molybdenum I started upon a study of complex inorganic 
acids. It was then that we spent many happy hours together and by 
following out his many suggestions it was possible to present for publica- 
tion a series of papers describing some eighty-odd new complex inorganic 
compounds. 

As a teacher he had the ability of making the most difficult problems 
appear as simple and interesting as a fairy tale. As an associate he 
made one’s endeavors to assume the magnitude of a wonderful undertaking. 
His kindly suggestions and encouragement made life worth living, and 
we all felt that, if for no other reason, we must make good for Dr. Smith. 


Dr. C. A. Browne, Chief, Chemical and Technological Research, Bureau of 
Chemistry and Soils, U. S. Department of Agriculture, says: 


One of Professor Edgar Smith’s most pleasing traits was his habit of 
writing brief personal messages upon the fly-leaves of the books which he 
presented to his numerous friends upon various occasions. If all these 
association books could be collected together they would no doubt con- 
stitute a considerable library and a study of the inscriptions upon their 
pages would be an interesting revelation of those friendly human qualities 
which made Dr. Smith so universally loved. The writer treasures a 
number of such books in his own collection and the reading of each message 
of presentation brings back a flood of pleasant memories, of which the 
following is only one example. 

Upon the fly-leaf of a presentation copy of Professor Smith’s “Old 
Chemistries’” is the following message in his handwriting: 


Dear Dr. Browne: 
Never forget the day when we met on the shores of Lake Michigan 
and pledged ourselves to work for the extension of the history of our 


common science—chemistry. 
Edgar F. Smith 


4/13/27 


The day to which Professor Smith alludes in this inscription was Septem- 
ber 7, 1920, at the time of the Chicago meeting of the American Chemical 
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Edgar Fahs Smith Memorial Collection, University of Pennsylvania 
Dr. EpGar FAuS SMITH AND DR. PAUL SABATIER, 1926 
Harrison Laboratory, University of Pennsylvania. 


Society and the following account of the incident is taken from the pages 
of my Journal for that date. 


September 7, 1920 


At Evanston we assembled at 3 p.m. in the Gymnasium of the 
Northwestern University. Drs. Parsons, Herty, and many others, 
whom I chanced to meet, informed me that Professor E. F. Smith, 
Provost of the University of Pennsylvania, was anxious to see me 
and I soon found him in the Gymnasium. He had heard of my col- 
lection of autograph letters, prints, etc., of famous chemists and 
desired to discuss things with me, as he was greatly interested in 
historical chemistry. We sat for a while in the Gymnasium listening 
to the speakers, but it was so warm, we finally went outside and 
taking a shady seat under the trees on the lake front, spent over an 
hour in pleasant conversation. 
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I gave Professor Smith some photos of Priestley’s bookplate, which 
I had with me and which he was pleased to have. He said he had a 
book with a Priestley plate but it was only a name plate without any 
artistic illustration. I told him of the old book, which I had, that con- 
tained the plate and of my desire to consult the inventory that was 
made of Priestley’s Library after the Birmingham riots, to see if this 
book was listed. I had been unable to trace the history of the book. 
I mentioned also a letter of Priestley, which I had, written from 
Reading to Mr. Vaughan in Philadelphia. Professor Smith told me 
about Vaughan and his relations with Priestley. 

I told Professor Smith about visiting the old Priestley house in 
Northumberland, Pennsylvania, sometime in 1897 or 1898 and of my 
desire to visit the place again before the building was taken down for 
shipment to State College. Professor Smith said it was not certain 
that the building would be moved as Professor Pond had not suc- 
ceeded in raising the necessary funds for this before his death, and 
since his death the owners of the property had written him, asking 
that the American Chemical Society buy the property, Professor 
Smith said he believed that Professor Pond’s travels about the country 
to raise funds to move the house were in a way the cause of his illness 
and death. He felt that it would be better, if possible, to preserve 
the home where it was and that the moving of the house from its old 
setting and associations would be a loss. I told Professor Smith that 
the chemistry alumni of Penn. State seemed determined to carry out 
Professor Pond’s original plans and to raise the funds necessary to 
move the house. I spoke of Priestley’s old method of curing lumber 
in a fire-pit and expressed the opinion that if the old house were taken 
apart, many of the original boards would be found with the smoke 
stains. 

Professor Smith mentioned his having obtained the old balance of 
Priestley from his descendants in Northumberland and that he was 
uncertain what disposition to make of this. He felt in some ways 
that it should belong to the University of Pennsylvania and then 
again that it should belong to the National Museum in Washington. 

I described many of the old letters of Silliman, Accum, Dalton, 
Davy, Faraday, Berzelius, Klaproth, Thomson, Ure, and other chem- 
ists which I had and Professor Smith mentioned many letters in his 
collection. He said that to arouse an interest in the early chemists 
among his students, he would often call one of them into his library 
and showing him an old letter of Priestley, Davy, or some other 
famous investigator, ask him to pass his hand over the face of the 
letter, and then impress upon the student the fact that his hand was 
now touching the very paper where Priestley’s or Davy’s hand once 
rested. 

Professor Smith asked if I thought there were enough members of 
the American Chemical Society interested in historical chemistry to 
establish a section. I told him I thought there were if they could ever 
be induced to come together and I named a number of members who 
were interested, but many of them like myself were connected with 
some other section. I expressed myself, however, as in complete 
sympathy with the idea of having a section of historical chemistry. 
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Professor Smith related many incidents connected with the early 
history of Benjamin West in Philadelphia and told the story of West's 
romance with a Philadelphia girl, and of how old Benjamin Franklin by 
inviting the girl’s brother, who disliked West, to a banquet on a certain 
night enabled West’s friends to release the girl from the house where 
she was imprisoned by her brother and escape on board a vessel which 
was just sailing for England. The girl met West in Liverpool where 
they were married. 

As we returned from our seat to the Gymnasium, Professor Smith 
told me of his long years of service as professor and provost at the 
University of Pennsylvania and of how he had finally resigned his 
duties in order to devote his few remaining years to historical research. 


Of the many happy hours which I have spent in the company of Edgar 
Smith this one upon the shore of Lake Michigan stands out most vividly, 
My journal record is only a bare outline of the incident and gives but a 
dim picture of the genial inspiring personality that swayed the hearts 
of all who belonged to the fortunate circle of Professor Smith’s acquain- 
tances. 


Miss Eva Armstrong, long Dr. Smith’s secretary and now Curator, Edgar 
Fahs Smith Memorial Collection in the History of Chemistry, University of 
Pennsylvania, writes: 


The following incident, illustrating Dr. Smith’s affectionate and under- 
standing interest in the student body of the University of Pennsylvania, 
was related to me recently by a graduate of the College and Medical 
School, now practicing his profession in the West. When he was a student, 
Dr. Smith was professor of chemistry and vice-provost of the Univer- 
sity. He told me what I well knew to be the case, that Dr. Smith’s door 
was always open to students. They came in, bringing their personal as 
well as their academic problems, waited their turn, and when they saw him 
were given as much time and attention as the most distinguished visitor 
received. 

This young man had availed himself of the privilege many times, and 
one day, toward the close of his medical course, came to Dr. Smith’s office 
with his brother, who had that day matriculated in the university. The 
vice-provost greeted him cordially, and said, ‘““So you’ve brought your 
brother to Pennsylvania.”” The younger lad, shy and ill at ease, stood by 
rather awkwardly. Dr. Smith, a pastmaster at reading the thoughts and 
emotions of those about him and in placing them at ease, turned to him 
kindly, and removing a tiny red and blue button which he happened to be 
wearing in the lapel of his coat, himself placed it on the boy’s coat, saying, 
“Now you are a Pennsylvanian. Remember it all through your course, 
and upon its completion, before you receive your diploma, I want you to 
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come to this office and show me that 
button.” The boy beamed, and left 
the office with his head up, feeling 
that he was indeed a part of the insti- 
tution. 

The older brother concluded the 
story by gazing around the room in 
which we stood—the same room to 
which he had brought his brother 
years ago—and exclaimed, “It is just 
the same, everything is the same, 
except the presence of the man who 
was the greatest inspiration which 
ever came into my life.’’ He stood 
in silence for a moment, and it was 
borne in upon me that the familiar 
room in which we stood, with the 
simple and rather shabby furniture, 
enlivened only by books and pictures, 
was, to this man, sacred ground. 

This student of more than twenty 
years ago had already told me that 
he had been an interne in the Uni- 
versity Hospital when Dr. Smith had 
nearly lost his sight through a se- 
vere attack of shingles. ‘‘It was I,” 
he said, and he spoke in the tone of 
one describing a decoration of the 
highest honor, “‘who, when the Doctor 
was convalescing and couldn’t see 
very well, took him for a short walk 
every evening.” 

It was a life full of such chapters 
as this which prompted President 
Thwing of Western Reserve Uni- 
versity to state publicly, on one 
occasion, what many of us already 
knew, that Edgar Fahs Smith was 





Dr. SMITH FROM GROUP PHOTOGRAPH 
TAKEN ON THE OCCASION OF THE DEDI- 
CATION OF THE CHEMISTRY BUILDING 
AT THE UNIVERSITY OF MARYLAND, 
COLLEGE PARK, NOVEMBER, 1927 


the best beloved college president of his generation. 


In an address before the American Chemical Society, September 11, 1928, 
a few months after Dr. Smith’s death, Dr. Joel H. Hildebrand, professor of 
chemistry, University of California, said of him: 
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It was inevitable that one who combined such an extraordinary knowl- 
edge of his subject, such a preéminent gift for exposition, such intense 
enthusiasm for chemistry, with such a commanding personality and such 
power to influence men should have become a great teacher. No one ever 
went to sleep in his classes; he invested even the simplest lecture demon- 
strations with a sense of profound significance. To him the chemical ele- 
ments declared the glory of God, and the test tube revealed His handiwork, 
Theories are made by men, and he regarded them with some distrust, but 
the materials with which he dealt were not man-made, and were to be 
wondered at. A new revelation of their nature was a source of delight. 
No student of his, whether freshman or graduate, and he continued to lec- 
ture to freshmen as long as he was able, failed to be impressed with the 
interest and importance of chemistry. 

Another secret of his success as a teacher and as a leader lay in his 
phenomenal memory for names and faces, which impressed students with 
his personal regard for and interest in them. We used to feel sure that he 
knew the names, both first and last, of every senior in the University. 

His kindness was illustrated by a rebuke that he once administered 
tome. I dropped upon the floor a piece of scrap paper. Dr. Smith, stand- 
ing nearby, stooped and picked it up. The gentleness of the rebuke made 
it perfect. 

During his long teaching career, eighty-eight persons received their 
doctorates in chemistry from the University of Pennsylvania, all of them 
working under the personal supervision of Dr. Smith. As evidence of 
the later careers of these men, it may be mentioned that forty-two of them 
are listed in ‘‘American Men of Science,’’ and nine of these are starred. We 
have noted, further, that the list includes sixteen professors of chemistry, 
seven industrial managers, superintendents, and directors of research, and 
five consulting chemists. 


Since Dr. Smith was the first chairman of the Section of Chemical Educa- 
tion, American Chemical Society, the statement by Dr. Neil E. Gordon, now 
editor-in-chief of the JOURNAL OF CHEMICAL EpuCATION, who succeeded 
Dr. Smith as section chairman, ts of unusual interest. 


During the three years of my close association with Dr. Smith while 
serving as secretary of the Section of Chemical Education, of which he was 
chairman, there were many incidents which demonstrated his mag- 
nanimous spirit, but of all these occasions two stand out especially in my 
memory. 

He was kindly disposed toward the organization of the Section of Chemi- 
cal Education and he lent it the support of his prestige and the charm of his 
personality, first as its chairman and later as a faithful attendant at its 
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sessions, although it was clear that the cause that lay nearest his heart 
was that of his life-long avocation—the history of chemistry. Before pre- 
senting my paper at the Milwaukee meeting, in which a JOURNAL OF 
CHEMICAL EDUCATION was suggested, I talked the matter over with Dr. 
Smith, and I remember well, as he sat there in the hotel with his head 
bowed, listening to my suggestions, and pausing after I had finished, he 
finally said, ‘‘Well, Neil, I shall say nothing against it, but you know that 
I have always had in mind a journal for historical chemistry. I have 
plans partially formulated for it and for this reason I do not wish to take 
any active part in promoting a JOURNAL OF CHEMICAL EDUCATION.” 

Although a lesser man might very naturally have openly opposed, or at 
least passively discouraged, a project which threatened to compete for 
support with, or to delay the realization of, one of his own cherished plans, 
Dr. Smith maintained the kindliest of attitudes throughout the early 
stages of the JOURNAL’S development. When asked to act as its editor, 
he declined on the ground already stated, but expressed the heartiest good 
wishes for its every success. That these were sincere was evident when 
the JouRNAL was launched, for a check for $10 was received from Dr. Smith 
with a note stating that he desired a subscription to the JOURNAL for him- 
self and requesting that the remaining $8 be applied to subscriptions for 
four other teachers in the United States less fortunate than himself. 

His earnest desire for the establishment of a journal of history also led 
Dr. Smith to hesitate at first about encouraging the inclusion of historical 
material in the JOURNAL OF CHEMICAL EpucaTION. In the second year of 
the JOURNAL’s existence, however, Dr. Smith, in his magnanimous way, 
inspite of his great desire for a journal of history, consented to contribute 
material on historical chemistry to the JOURNAL OF CHEMICAL EDUCATION 
and to encourage others to do likewise, and he suggested that Dr. Newell be 
named the departmental editor in that field. 

To my mind these experiences strikingly exemplify one of the most 
characteristic qualities of our beloved Dr. Smith—his unselfish disposition 
to promote projects that could be shown to be valuable to the teaching 
profession, even though those projects might in some measure run counter 
to others in which he had a keener personal interest. 


Dr. Lyman C. Newell, Head of Department of Chemistry, Boston Univer- 
sity, mentioned in Dr. Gordon’s article, has been departmental editor in his- 
torical chemistry for the JOURNAL OF CHEMICAL EDUCATION since tts founding. 
He writes: 





Many books in my library have personal associations. Two chief 
treasures came from Dr. Edgar F. Smith. The copy of “Priestley in 
America’ has this inscription on the title page. 
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To Dr. Newell—my brother crank—with deepest affection. 
Edgar F. Smith 
9-8-26 


This book was given to me by Dr. Smith immediately after he had read his 
paper on Priestley at the semicentennial of the American Chemical Society 
in Philadelphia. In fact it was the first of many copies given to chemists 
on that occasion. The copy of ‘‘Old Chemistries’’ has these words written 
on the fly-leaf by Dr. Smith: 


To my companion, Dr. L. C. Newell, in the study of the old 
things of the greatest of sciences—Chemistry. 
The Author. 


This particular book is one of the earliest copies presented by Dr. Smith 
to his friends. Possibly it is the first copy he gave away, because I re- 
member he invited me to his room before a council meeting, opened his 
suitcase, selected this book from a large number of copies, wrote the 
inscription, and handed the inscribed book to me with a gracious, be- 
nevolent look which I shall always remember. The generosity and affec- 
tion shown in giving these inscribed books were typical of Dr. Smith, 

We often speak of Dr. Smith’s ‘‘wonderful collection.’’ But, paradoxical 
as it may seem at first thought, he was not a collector; he was a lover of 
men and their deeds. Instinctively he gathered books and letters in 
which the thoughts of men in his special field—the chemists—were re- 
corded, pictures through which their personal traits were revealed, medals 
by which their discoveries were commemorated and anniversaries recalled, 
and apparatus with which they performed their notable experiments. He 
himself was so intensely human that these relics appealed to him not as 
things to accumulate but rather as precious personal memorabilia having 
permanent value, sources of reliable historical information, unfailing foun- 
tains of inspiration, fruitful fields of research, and deep wells of culture. 

Throughout his own life, Dr. Smith happily lived again the life of many 
a famous chemist. And he gave us the results of this happiness through 
his own books, pamphlets, and papers. 
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A CHAPTER IN HISTORICAL CHEMISTRY* 


By THE LATE EpGarR Fans SMITH 


I have become a real enthusiast in regard to the history of chemistry, 
particularly the history of chemistry in America. At times I dream of 
the occurrences which took place in the rise of our science in this country, 
and not infrequently catch myself sketching, in imagination, some of those 
occurrences on the wall spaces of my office and my laboratory. I feel 
quite certain that could I wield the artist’s brush after the manner of the 
immortal Benjamin West, or even moderately well, I would attempt to 
make my pictures of imagination real pictures, portraying in oil some of 
the landmarks in the development of our science here at home. 

For instance, I would endeavor to picture James Woodhouse in his 
laboratory of 1795—engaged in the decomposition and recomposition of 
water, in the presence of Joseph Priestley; thereby laying low the pet 
notions of the latter with reference to phlogiston. 

Then I would strive to represent in colors, Robert Hare and Benjamin 
Silliman, in the laboratory of the former—in the years 1802, 1803, and 
1804; occupied with the compound blowpipe; enthusiastically demon- 
strating the ready fusibility of platinum metal and various refractory 
substances in the oxy-hydrogen flame before such distinguished spectators 
as Thomas Cooper, Adam Seybert, Joseph Priestley, and others. 

Have you ever strolled through the ante-room in the governor’s cham- 
bers at Harrisburg, Pennsylvania, and there observed, in fascinating 
mural tablets, the life story of William Penn? It is so vivid, so real, so 
impressive, that one is translated to those far-away days and unconsciously 
lives over again the struggles and successes of that great philanthropist 
to whom the prosperity of the Commonwealth of Pennsylvania 


is a monument more durable than brass and marble. 


In this company may be one or more, gifted in the artistic way, who, 
later on, after steeping himself in the marvelous unfolding of our science, 
and bursting with genuine enthusiasm for its wider extension, will be 
impelled by an irresistible inner power to delineate at least some of the 
dramatic periods of chemistry in America. I devoutly hope that this 
wish of mine may be realized. 

But, I desire to submit to you quite a different chapter in the upward 
progress of our science—a chapter written in France—in fact, in her 
imperial Paris—in the year 1787, thirteen years after the discovery of 
oxygen. It was an epoch-making chapter, the product of four minds—oi 
four actors, if so they may be termed—in one of the most interesting 
periods in the history of the French people. 

And these four actors were Guyton de Morveau, Berthollet, Fourcroy, 
and Lavoisier. From time to time they had gathered in consultation in 
* An address delivered at the College of the City of New York, March, 1922. 
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Lavoisier’s laboratory. Fancy pictures them seated about a simple 
board surrounded on every side by huge volumes and manuscripts, and, 
suspended here and there on the walls or scattered on the floor, were great 
retorts, measuring jars, primitive balances, with a huge mercury trough 
and various other appurtenances for the investigations which had been 
continuously conducted there in the establishment of fundamental prin- 
ciples of our science. Guyton de Morveau’s countenance still retained 
its lawyer-like expression, though for some years chemistry had been his 
mistress, and there was visible no sign of the influences of those pernicious 
political activities which later dominated his thoughts and deeds. Nearby 
sat Berthollet, whose smiling eyes and winsome manner spoke a gentle, 
noble nature, delighting in good deeds to his fellows, with every evidence 
of an intelligence which might well give birth to a Static Chemistry or 
disport itself in the organization of great schools like the Normal and 
Polytechnique, with a keen scientific interest in the problem under dis- 
cussion. And then came Fourcroy—strange being—most agreeable at 
times, then sarcastic and cunning—able to inspire enthusiasm in his 
pupils, but yet cold, vindictive, vainly egotistical—a man of moods, 
though most captiously critical. In these particular consultations, how- 
ever, his bold, saturnine face glowed with animation, while his words 
flowed rich in constructive thought and happy suggestion. Not yet had 
the latent fires of hate and destruction made their appearance. 

And, in friendliest interchange of ideas shone the spiritual face of him 
who had explained oxidation, combustion, and respiration, as well as the 
profound principle of the indestructibility of matter. That was Lavoisier, 
the dominant figure in the group of actors; all antiphlogistians. Con- 
vinced of the correctness of the function of oxygen in chemical reactions, 
cognizant of the simplicity it ushered into the prevailing chemical thought, 
and wearied by the burdensome nomenclature which had accumulated 
through the ages, they regarded it a duty, incumbent upon them, to let 
their light illuminate the darksome expressions which enthralled all 
chemical literature. And, thus, out of their numerous conferences came 
the light which promptly shone everywhere. Its welcome rays made our 
tasks as chemistry students lighter and endurable. And to that little 
group of actors, chemists of all time will be indebted. For that reason 
I am here, lest you may forget the debt you and I owe to Guyton de 
Morveau, Berthollet, Fourcroy, and Lavoisier. They had chafed under 
the chaotic condition of chemical literature, but discerning a new path 
they made bold to pursue it, and were “ranked among the first chymists 
in Europe’—but not until they maturely studied the 


metaphysic of language, and the conformity of ideas with words, 


did they venture to present their general nomenclature. 
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Louis BERNARD GUYTON 
DE MorRvEAU 
1737-1816 








CLaupE Louts BERTHOLLET 
1748-1822 














ANTOINE LAURENT LAVOISIER 
1743-1794 





BEFORE THE ANIMOSITIES OF THE FRENCH REVOLUTION SET THESE MEN ONE AGAINST 
ANOTHER THEY COOPERATED IN PERHAPS THE Most SIGNIFICANT JOINT ENDEAVOR IN THE 
History oF CHEMISTRY—THE STANDARDIZATION AND RATIONALIZATION OF CHEMICAL No- 
MENCLATURE 

The photographs of de Morveau and Berthollet are reproduced here by courtesy of The 
Edgar Fahs Smith Memorial Collection, University of Pennsylvania; that of Fourcroy by 
courtesy of Frank B. Dains, University of Kansas. 
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True, under Bergmann, Buquet, Macquer, and Fourcroy 


the nomenclature of chymistry had acquired considerable improve- 
ment, 


but only after many sessions and protracted deliberations did de Morveau, 
Berthollet, Fourcroy, and Lavoisier come into the open with their new 
ideas, supported and greatly encouraged by the message of Bergmann, 
written shortly before his death: 


Have no mercy on any improper denomination. Those who have 
known chymistry will always understand; those who do not as yet 
know it will understand the sooner. 


That was the message! 

And now, together, let us inspect the nomenclature of chniniant as it 
was in the period to which the preceding observations refer. Suppose 
I should speak the words potassium sulfate—just those two words. At 
once each of you recognize a familiar body. It is an old friend. Its 
properties loom up before you. But, if I had said hand me a bit of 


sal polychrestum Glaseri 

or 

Tartarus vitriolatus 
or 

Vitriolum potassae 
or 

Sal de duobus 

or 

Arcanum duplicatum 


where would you be? And yet these names represented potassium sulfate. 
They were in number five—a burden to the memory, and in no instance 
giving the slightest indication as to what was meant. At least we would 
say so. They were also a burden to those four devoted ‘‘first chymists,” 
for Lavoisier wrote: 


many of the chymical terms have been introduced by the alchy- 
mists: terms which we should not expect to find perfect, knowing 
how difficult it would be for the authors to convey to their readers 
a knowledge which they had not themselves; I mean ideas agree- 
able to truth and accuracy. Moreover their design was not always 
to speak so as to be understood. They made use of an enigmatical 
language peculiar to themselves, which in general presented one 
meaning for the adepts and another meaning for the vulgar, which 
at the same time contained nothing that was rationally intelligible 
either for the one or the other. 


On proceeding further it will be discovered that a death’s head signified 
the Caput mortuum which was the residue left in a retort upon distillation. 
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Powder of algaroth, salt of alembroth, pompholix, phagedenic water, turbith 
mineral, aethiops, and others are neither less discordant, nor surely less 
extraordinary; continual practice and great memory are necessary to 
retain ideas of the substances indicated by such terms, and especially to 
recollect to what genus of combination they belong. 


The terms, oil of tartar by bell, butter of antimony, butter of arsenic, 

owers of zinc, etc. are still more ridiculous, because they give 
birth to false ideas; because properly speaking, there does not 
exist in the mineral kingdom, either butter, or oil, or flowers; in 
fine because the substances expressed by these deceitful names 
are for the most part violent poisons. 


Ponder for a moment on simpler terms; for example, argillaceous salt 
of fat, or sebaceous salt of gold, or magnesia salt of Prussian blue. These 
mean nothing to us. They would indeed weary us. While probably we 
would denounce in strong terms gas sylvestre of Helmont when we 
learned it was only carbonic acid, or nitre of ponderous earth when we heard 
it really was barium nitrate, or gas phosphoric de M. Gengembre when 
subsequently it became known that it was merely phosphine. But can 
you imagine our consternation and nervous condition did we have to 
confront such a nomenclature today? And the Lily of Paracelsus? A 
lily suggests something beautiful, odoriferous, attractive, but the Lily of 
Paracelsus was only caustic potash from alcohol! 

And when we consider that our four actors were engulfed in the volumi- 
nous, ponderous chemical literature of the ages that had intervened since 
our science was cradled in darkest Egypt, we begin to fathom the Herculean 
task on which they embarked, in order that light and scientific accuracy 
might prevail in the literature of our science. To our minds they are 
heroes. Our admiration for them is boundless. We worship their memo- 
ries, for it is the only way in which our gratitude can express itself. 

Eventually, our four actors completed their labors. Recognizing that 
these were in a sense revolutionary, yet quite sure that if the results were 
properly promulgated before intelligent audiences the outcome would be 
a universal and emphatic approval, they modestly addressed that great 
assembly—the French Academy—informing those distinguished savants 
that, with the recognition of the function of oxygen in the chemical world, 
they were able to classify and arrange matter into a few simple groups; 
and, further, that there logically followed a simplification in chemical 
nomenclature. 

And then on April 18, 1787, Lavoisier, as first speaker, addressing the 
Academy, said: 

Not until we had reviewed every part of chymistry, and maturely 


Studied the metaphysics of languages, and the conformity of ideas 
with words, do we venture to present this general nomenclature, 
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In a brief sketch, beautiful in its simplicity and diction, the great leader 
proceeded— 


to remove the impediments retarding the progress of chymistry, 


Involuntarily, the thought comes how grand it would have been to have 
been present on that sublime occasion. 

Having thus elucidated the causes for their labors and the concomitant 
results, on May 2, 1787, de Morveau addressed the Academy, taking as 
his task the explanation of 


the principles of the methodical nomenclature; 


then commenting on the substances approaching nearest to a state of 
simplicity; on the radical principles of the acids; on metallic substances; 
on the earths; on the alkalies; and general reactions of compound bodies, 
It was a remarkable disquisition as every student will declare upon reading 
it. 

And next followed de Fourcroy, displaying tables of arrangement of the 
nomenclature. This was no easy problem, for with the tables explicit and 
detailed explanations were given, to which he added on closing: 


If greater facility in study and more perspicuity in expression 
result from these innovations, as the trials which have been made 
this year (1787) in the public lectures at the Jardin du Roi and at the 
Lyceum, give us reason to expect, the reformation which we pro- 
pose, founded upon the most simple method, must certainly be 
favorable to the future advancement of the science (chemistry). 


This, too, was a memorable address, delivered before an impartial and 
impassive judge that 


applauds the efforts made under its inspection to do away with 
errors and prejudices and to extend the dominion of truth; but— 
slow to pronounce. 


Nevertheless, the august body joined in the universal acclaim accorded 
this brilliant effort and exposition. 

Berthollet’s portion, in the final presentation, appears to have been 
that of a general elucidator; one intent upon the whole procedure, here 
and there emphasizing and codrdinating the various minor corrections, and 
refreshing the memories of the auditors upon sections of the work which 
had been momentarily forgotten. , 

It was, indeed, an epoch-making chapter which our ‘‘four actors’ wrote, 
but rarely do we stop in our onward progress to give it consideration. 
Our enjoyments, our privileges as a rule hark back to grand, heroic efforts, 
and not seldom to deepest sacrifices. 
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The Percolator of The Chemists’ Club via Ind, Eng. Chem. 
THE ARREST OF LAVOISIER, 1794 


In my possession is a remarkable picture, painted by Ludwig von Langen- 
mantel (1854-1922), bearing the title, “The Arrest of Lavoisier.’’ (The 
original painting hangs in the Landesmuseum in Miinster, Germany.) Yes, 
only a few years subsequent to those red-letter days in the French Academy, 
our four actors appeared under other conditions. The awful Revolution 
and Reign of Terror were approaching. De Morveau apparently had lost 
every recollection of his mistress Chemistry! As a member of the As- 
sembly and Convention, he led in the wildest revolutionary outbursts and 
movements. Berthollet sought kindlier surroundings because averse to 
these fratricidal premonitions, but Fourcroy was most active. Every- 
where his spirit controlled and directed. With him there was but one 
desire and that the destruction of government and those who in any way 
befriended it. Hence, Lavoisier soon became to him an object of hate, 
for the latter labored only for his country’s good—not, however, as Four- 
croy saw the good; so it was the maddened fury of Fourcroy that occa- 
sioned the arrest of Lavoisier, for he was relentless—his whole object, to 
crush Lavoisier. 

And, there, in the picture stands Lavoisier, majestic in attitude and 
mien, confronted by a mob which had with violence gained access to his 
laboratory. The scum of Paris, armed with bayonets, clubs, with the 
crudest instruments of destruction, howled, sneered, and derided the noble 
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soul, until a pompous leader with a victory cap on his head and a brilliant 
girdle about his loins, haughtily delivered the contents of the paper of 
arrest to Lavoisier. It is a picture that rivets attention, depicting as it 
does, a stirring scene—yet horrible as its consequences are recalled. After 
the arrest came the trial and condemnation. 

When again you visit Versailles fail not to study the canvas, entitled 
‘The Last Call.’”’ Once more, it is the immortal Lavoisier, calm and 
serene, rising in response to the raucous command of the gendarme—and 
resolutely proceeding with brother prisoners to the guillotine, not far from 
the historic Madeleine, on Rue Pasquier, into the cemetery of which were 
to be thrown, after the guillotine had done its work, all that was mortal 
of this fourth member of our little group of actors, and the place of his 
interment forgotten for many years. 

Silently reviewing these closing scenes one involuntarily exclaims— 
What a jury and what a trial! Facts misrepresented and the defense 
given no chance to prove this; false testimony accepted and the defense 
prevented from showing it up. Everything done was, however, in strict 
accordance with the letter of the law; so was the trial of Galileo before the 
Inquisition, so was the trial of Socrates at Athens, and so was the trial of 
Christ before Pilate. In the name and according to the letter of the law, 
the greatest crimes, condemned by history, have been committed. When 
the heart of man has become corrupt, even the law is made an instrument 
of crime. 
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PRIESTLEY MEMORIAL AND MEDAL 


CHARLES L. PARSONS, SECRETARY OF THE AMERICAN CHEMICAL SOCIETY, MiLLs BuILp- 
ING, WASHINGTON, D. C. 


The originator of the movement resulting in the preservation of the 
Priestley home in Northumberland, Pennsylvania, in the deposit of the 
bust of Joseph Priestley in the National Museum in Washington, and 
in the establishment of a fund for the triennial award of the Priestley Gold 
Medal for distinguished services in chemistry, was Professor Francis C. 
Phillips of the University of Pittsburgh, who presented the proposition 
to the Pittsburgh Section, which at its October meeting in 1915 appointed 





THE PRIESTLEY MEDAL 


a committee consisting of Francis C. Phillips, J. K. Clement, and W. A. 
Hamor. On December 15, 1915, Professor Phillips sent the following 
letter to a large number of the older members of the American Chemical 


Society: 


Dear Sir: 

To one who visits the home of Joseph Priestley at Northumber- 
land, Pa., the thought must come that there has been a serious lack 
of effort on the part of American chemists to perpetuate the memory 
of this great investigator in the field of chemistry during the latter 
part of the eighteenth century. 

The Priestley home is owned by persons having no interest in the 
history of chemistry. It is beautifully situated on the Susquehanna 
River at Northumberland, Pa., but stands between two lines of rail- 
roads and is liable to fall a prey to railroad extension. 

The apparatus used by Priestley in his laboratory in this dwelling 
is scattered, some being in the Smithsonian Institution in Wash- 
ington, some in Philadelphia, and some in Carlisle, Pa. 

His library of books was scattered at the time of his death, and 
their whereabouts at present is a matter of uncertainty. 
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Priestley’s tomb is marked by a thin slab of marble set up at the 
time of his death in 1804. 

It seems desirable that an effort be made to perpetuate in some 
suitable manner the memory of this great man. 

At a recent meeting of the Pittsburgh Section of the American 
Chemical Society, a committee, consisting of Dr. J. K. Clement, of 
the U. S. Bureau of Mines, Mr. William A. Hamor, of the Mellon 
Institute, and the undersigned, was appointed to consider and recom- 
mend plans to this end. This committee has had various plans under 
consideration: 


(1) An attempt might be made to preserve the old Priestley home 
at Northumberland, under the supervision of a caretaker; 

(2) The remaining pieces of chemical apparatus, relics of Priestley’s 
work, might be gathered together in some one institution for per- 
manent preservation; 

(3) A monument might be erected at the grave of Priestley at 
Northumberland, or possibly in some large city. 


Regarding these plans, it may be said that: 


(1) The old Priestley home, although at present in excellent 
preservation, from its position between two lines of railroads might 
be subject to destruction for railroad purpose, and, moreover, it is of 
frame and consequently exposed to fire risk; 

(2) The apparatus originally owned by Dr. Priestley is at present 
held by various institutions and attempts to gather it together in some 
one place would lead to serious difficulties; 

(3) There remains then a third plan—to erect a suitable monu- 
ment to Dr. Priestley. Such a monument might be placed at his 
grave in Northumberland or in some large city, probably Philadelphia. 


If the chemists of America would interest themselves sufficiently in 
the matter, a small subscription from each would suffice in the aggre- 
gate to provide a fitting monument. 

It seemed to our committee desirable, before moving farther in the 
matter, to learn the views of the older members of the American 
Chemical Society, whose knowledge and experience would enable 
them to judge the probable attitude of the members of the chemical 
profession toward any such plan. Accordingly, I write to ask if you 
will be good enough to inform me as to your views on the whole ques- 
tion. I assure you that our committee would deeply appreciate the 
courtesy of an early reply to this communication. We are avoiding 
publication as yet. 


Very truly yours, 
Francis C. Phillips, 
Chairman of Committee. 





On the basis of the replies received the committee reported to the Pitts- 
burgh Section, which section adopted the report and recommended its 
presentation to the general Society, as follows: 

















Wide World Photos 


Dr. EpGAR FAusS SMITH UPON THE OCCASION OF His RECEIPT OF THE 
PRIESTLEY MEDAL 


In addition to the medal, Dr. Smith is also holding the Géttingen diploma 
which was presented to him on the same evening, September 7, 1926. 
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To the Chairman and Members of the Pittsburgh Section of the American 
Chemical Society. 
Gentlemen: 

Your Committee, appointed at the October meeting of the Section, 
to consider the question of a monument or other form of memorial to 
Joseph Priestley, begs to present the following report: 

Our first procedure was to send out a circular letter addressed 
personally to a number of representative members of the American 
Chemical Society, hoping in this way to secure opinions which would 
enable us to judge of the probable attitude of the Society at large 
towards such a movement. A copy of this letter is herewith pre- 
sented. 

Thirty-four replies have been received in answer to this letter, and 
the majority of these indicate a deep interest in the subject. Numer- 
ous suggestions have been given us. 

The various plans suggested may be summarized as follows: 


(1) Preservation of the Priestley home at Northumberland, Pa. 
This we believe would not be feasible, because the house with its 
laboratory room is of frame, because it stands between two railroad 
lines and is liable to destruction to make room for railroad extension, 
and because also of the expense of maintaining the property under 
control of a caretaker and in a situation far removed from the main 
lines of travel. 

(2) The collection of all the apparatus used by Priestley in some 
one institution, preferably the National Museum in Washington. 
Although the bulk of Priestley’s apparatus is now in the National 
Museum, some very interesting pieces were donated by his descen- 
dants to other institutions and we believe that any suggestion of their 
parting with their holdings would cause offense. 

(3) The collection for deposit in some institution of the books of 
Priestley’s very extensive library. This seems impossible as his 
books were scattered and can no longer be located. 

(4) The establishment of a fellowship in chemistry, to be known 
as the Priestley Fellowship, to be awarded at specified times by a 
permanent Committee of the American Chemical Society, at any 
university selected by the candidate. This would prove an admirable 
method of perpetuating the memory of Priestley but it would involve 
an endowment of not less than $20,000. 

(5) Erection of a monument which might be in the form of a 
statue or shaft, to be placed in Philadelphia or Washington; or a 
bronze bust to be placed in the National Museum at Washington. 
In addition to the bust, the placing of a bronze tablet bearing a suit- 
able inscription. The cost of a bronze statue would be at least 
$12,000; that of a bust would be about $1200; a tablet might cost 
$400; the cost of a shaft would be difficult to estimate, but it would 
be much less than that of a statue. ~ 


In view of the facts and considerations mentioned, our Committee 
after deliberation recommends that a communication be sent by the 
Pittsburgh Section to the Council of the American Chemical Society, 
setting forth the desirability of a tribute to Joseph Priestley in the 
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form of a bronze bust to be placed with the exhibit of Priestley’s ap- 
paratus in the National Museum in Washington, together with a 
bronze tablet bearing a suitable inscription, and that the Council be 
asked to appoint a Committee to solicit subscriptions in order to secure 
the money necessary for the purpose. 

Our Committee believes that owners of apparatus and books, origi- 
nally belonging to Priestley, might eventually be willing to add their 
holdings to the collection already in the National Museum, should 
the chemists of the country unite in a tribute such as we recommend 
in honor of the great investigator, Joseph Priestley. 

Francis C. Phillips, Chairman 
Committee J. K. Clement 
W. A. Hamor 


This report has been presented to the Pittsburgh Section, American 
Chemical Society, at the February meeting. It was adopted with 
the recommendation to present it to the general Society. 

W. C. Cope, Secretary. K. F. Stahl, Chairman. 


At the meeting of the Society in Urbana, IIl., April 18, 1916, Professor 
Phillips presented this report, the Council voted that the president should 
appoint a committee to decide upon the Priestley Memorial with power 
to carry out their conclusions and to solicit funds therefor. The president 
appointed the following committee: F. C. Phillips, chairman, M. T. 
Bogert, E. D. Campbell, C. F. Chandler, F. W. Clarke, E. C. Franklin, 
J. L. Howe, J. H. Long, Edward W. Morley, A. A. Noyes, W. A. Noyes, 
Ira Remsen, E. F. Smith, Alfred Springer, and F. P. Venable. This 
committee considered the matter and in July, 1917, sent the following 
communication to members of the Society: 


To the Members of the American Chemical Society: 

By resolution of the Council of the American Chemical Society 
adopted at its meeting in Urbana in April, 1916, the President was 
requested to appoint a Committee to devise and carry out a plan for 
a suitable memorial to Joseph Priestley. After careful consideration 
of various plans, the members of the Committee desire to present the 
following recommendations to the Society: 

1. That a bust portrait of Joseph Priestley be secured, to be a 
copy of the best available portrait; that this be retained as the prop- 
erty of the American Chemical Society, but be deposited as a loan in 
the National Museum in Washington. Also, 

2. That a gold medal be awarded at intervals of probably more 
than one year for superior achievement in chemical research; the 
award to carry with it the requirement that the recipient shall deliver 
an address before the General Meeting of the Society at the time of 
the presentation or at such other time and place as the Council of the 
Society may direct. * 

Careful inquiry has convinced the Committee that, in order to 
carry out these plans, a fund of at least $2000 should be secured. It 
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is requested that subscriptions be sent to the Chairman or to any 
member of the Committee. Contributions of sums from $1.00 up- 
wards are asked. 

Joseph Priestley was born at Fieldhead in England in 1733. Al- 
though educated for the ministry, he became noted as a teacher and 
lecturer on natural science, and especially as an investigator in chem- 
istry, devoting his attention largely to the study of gases. Persecuted 
and shunned as a result of popular prejudice for his theological views as 
a dissenter from the Established Church, he migrated to America in 
1794 and settled with his family in Northumberland, Pennsylvania. 
Here he established a laboratory and continued his work as an in- 
vestigator in chemistry. 

While famous throughout Europe and in America for his historical 
and philosophical writings, for his important work on the History of 
Electricity, and many other contributions to scientific literature, he 
is more especially known to modern chemists for his researches on 
the chemistry of gases, which culminated in 1774 in the discovery of 
oxygen, described in his treatise entitled ““Experiments and Observa- 
tions on Different Kinds of Airs.” 

He continued in America to be a contributor to scientific and theo- 
logical literature until his death in Northumberland in 1804. 

On July 31, 1874, many of the leading chemists of America met 
near the grave of Joseph Priestley at Northumberland to honor the 
memory of the man who had discovered oxygen one hundred years 
before. In the account of the. proceedings detailed in the American 
Chemist for 1874, we are told that a movement was there begun which 
led later to the establishment of the American Chemical Society. 

And as the foundation of the American Chemical Society has been 
thus linked with the name of Joseph Priestley, it would seem proper 
that we should seek in some lasting way to commemorate his work as 
an investigator and philosopher and tireless searcher after truth. 

It is earnestly hoped that the plans now proposed by the Committee 
for a memorial will meet with approval and that we shall be able, by 
means of an adequate subscription fund, to render such honor as is 
due to the memory of Joseph Priestley. 


The war played havoc with the committee’s plans, Professor Phillips 
reporting the collection of only $210.00 by May, 1918. He reported fur- 
ther in May, 1919, that ‘‘up to date on account of the war only $243.50 
has been secured and that as soon as normal conditions were reached a 
further campaign to obtain the necessary funds would be made.” Pro- 
fessor Phillips unfortunately died in 1920 and W. A. Noyes reported for the 
committee as follows: 


The following extract from a letter sent by Professor Phillips to 
the chairmen of Local Sections last October gives the status of the 
work of the committee at that time. 

“By action of the Council a Committee was appointed previous to 
the breaking out of the War to carry out plans for a memorial to 
Joseph Priestley.” 
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These plans included: 
“(1) <A portrait of Joseph Priestley to be placed as a loan in the 


National Museum at Washington, but to remain the property of the 


American Chemical Society. 
“(2) A medal to be presented at intervals of one year or more, in 


recognition of superior work in chemical research; the award to be 
made at a general meeting of the Society—to carry the requirements 


of an address by the recipient. 

“Although a good beginning was made toward raising the fund of 
$2000.00 needed, the outbreak of the War obliged us to suspend our 
activities, but we now feel that we should renew our efforts and I 
write accordingly to ask if you will, at a meeting of your Section, 
bring the matter to the attention of members with the request that 
they aid our Committee by subscribing to the fund. If it is possible 
to secure any funds the codperation of some two or three influential 
members to speak upon the matter and endorse the plan would be a 


further aid.” 
The sum of $423.93, collected by Professor Phillips before his 


lamented death in February, is in the hands of the President. Addi- 
tions to the fund are earnestly solicited. 
W. A. Noyes 


Dr. Long had died, L. V. Redman had been made a member of the 
committee in his place, and Dr. H. P. Talbot added to the committee. 

In 1921 Dr. Edgar F. Smith was appointed chairman of the committee, 
and with his usual vigor carried the project to a conclusion, the committee 
reporting that year that $2000.00 had been collected, placed at interest, 
and that the committee had authorized the chairman to select an artist 
to copy the Stuart portrait of Priestley which is now at Northumberland 
and that immediate steps would be taken to obtain a die for the Priestley 
Medal. At about this time the Pennsylvania State alumni had taken up, 
in conjunction with Dr. Smith, the more extensive plans for the reéstablish- 
ment of the Priestley home at Northumberland, Pa., and Dr. Smith in 
presenting the report of the committee at New York on September 6, 
1921, outlined the plans of the committee and spoke feelingly of his wish 
that the Society might be able to celebrate its Fiftieth Anniversary with 
a meeting at Northumberland in 1926, which in that year was brought about. 

In 1922 the Priestley Committee was reorganized with only four mem- 
bers, Edgar F. Smith, chairman, C. F. Chandler, C. A. Browne, and Ira 
Remsen. This committee made its final report at the meeting of the 
American Chemical Society in Alabama, April 3, 1922, with names of the 
donors, statement that a suitable portrait of Joseph Priestley had been 
deposited in the National Museum in Washington, and that a die for the 
Priestley Medal had been engraved, cast, and deposited with the Treasurer 
of the Society, to whom all residual monies had been paid. The com- 
mittee recommended the following rules to be observed in the award of the 


Priestley Medal: 
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1. The Medal shall be known as the Priestley Medal, and shall 
be awarded every three years for distinguished services to chemistry, 

2. The Committee of Award shall consist of the President of the 
American Chemical Society, his immediate predecessor in office, the 
Secretary and Treasurer of the Society, and the Editors-in-Chief of 
the journals of the Society. 

3. The Medal may be awarded not only to members of the Society, 
but to non-members and to representatives of any nation, without 
regard to sex. 

4. The Medal shall not be awarded more than once to the same 
individual. 

5. The recipient of the Priestley Medal may be invited to deliver 
an address at one of the general meetings of the American Chemical 
Society, as may be determined by the Committee of Award. 


These regulations were adopted by the Council and are the bases upon 
which the awards have been made. This report will be found printed on 
page 459 of Industrial and Engineering Chemistry for May, 1922. 

The Council passed a special vote of thanks expressing its appreciation 
to Dr. Edgar F. Smith as chairman of the Priestley Memorial Committee 
for his work in getting the funds together, in carrying out the details for 
the Priestley portrait, the die for the Priestley Medal, and other accom- 
plishments of the committee, and suggested that a replica of the Priestley 
Medal be placed in the Priestley House at Northumberland. 

The first award was made to Ira Remsen at the Milwaukee Meeting in 
September, 1923. He was unable to-be present and made no address. An 
account of the award will be found on page 994, Industrial and Engineering 
Chemistry, October, 1923. 

The second award was unanimously made to Edgar F. Smith and was 
presented to him at the time of the Semicentennial Meeting of the Society 
in Philadelphia in September, 1926, President Norris paying tribute to him 
in the following words: 


The Priestley Medal of the American Chemical Society is awarded 
every three years for distinguished services to chemistry. It may 
be given to a citizen of any nation without any regard to sex. The 
medal has been awarded but once in the past. It is my privilege to 
make the second award tonight. 

The man upon whom the honor is to be bestowed has the distinc- 
tion of being the only man who has served the Society during two 
terms as president.* His influence on American chemistry has been 
unique through activities in many directions. He has been a leader 
in research, teaching, and administration. He is the author of thirteen 
books in the field of inorganic and organic chemistry, which through 
forty-five editions have added much to chemical learning. He is the 


* Editor’s Note-—This is erroneous. Charles F. Chandler was president of the 
Society in 1881 and again in 1889. 
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American historian of chemistry and has put on record in six volumes 
the story of the work of the men who cultivated our science in the 
early days of the republic. He is the American biographer of Priestley. 
Through his example and enthusiasm he has implanted a reverence 
for the historical aspect for chemistry in many followers. 

There is no one more worthy of the distinction about to be bestowed. 
We are proud to know a man who will take his place in the history of 
chemistry and education as one of America’s leaders. 


In accepting the award Dr. Smith spoke informally, but his words, 
“Tt is just your affection for which I care. I cannot go further. I can 
only say that I am overwhelmed with gratitude,’ are so characteristic 
of him that they were noted and copied by friends of his present. Later 
in the evening Dr. Smith delivered an address on Joseph Priestley, which 
address was not presented to the American Chemical Society for publica- 
tion but was published by him in the October, 1926, issue of The General 
Magazine and Historical Chronicle. An account of the award, together 
with reproduction of both faces of the medal, will be found in The Pennsyl- 
vania Gazette for October 8, 1926. 

The third award of the Priestley Medal was made to Francis P. Garvan 
at the September meeting of the Society in Minneapolis in 1929. The 
account of the same will be found in the September 20, 1929, News Edition, 
and the address by Mr. Garvan, ‘“‘Random Thoughts of a Lay Chemist,” 
will be found on page 898 of Industrial and Engineering Chemistry for 
October, 1929. 

















THE EDGAR FAHS SMITH MEMORIAL COLLECTION, 
UNIVERSITY OF PENNSYLVANIA 


Eva ARMSTRONG, CURATOR 


The Edgar Fahs Smith Memorial Collection in the History of Chemistry, 
which has been endowed by Mrs. Smith at the University of Pennsylvania, 





Edgar Fahs Smith Memorial Collection, 
University of Pennsylvania 
A Quiet Stupy, Sorry LIGHTED From HicH WINDOWS, WALLS LINED WITH BOOKS 
AND RARE PRINTS OF EMINENT CHEMISTS OF THE AGES 





comprises a library of rare books and reprints on chemistry; engravings 
and portrait prints of chemists; and a collection of autograph letters and 
manuscripts, pronounced by Professor Bertrand, of the Pasteur Institute, 
as one of the most interesting of which he had knowledge. 
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Dr. Smith’s interest in the past of his science led him to collect these 
items as a form of recreation during the years when he was engaged with 
professorial and administrative duties. He frequently referred to this 
particular activity as a “‘playground.”’ 

The books begin with the productions of the alchemists in the sixteenth 
century, many being in the original bindings and containing numerous 
woodcuts and engravings. Some have interesting bookplates, as, for in- 
stance, Elias Ashmole’s “Theatrum Chemicum Britannicum”’ (1652), with 
the bookplate of Sir Isaac Newton. Many are annotated and contain 
inscriptions on the fly-leaves. Coming down to later days there is the 
first volume of the “Memoirs of the Columbian Chemical Society of 
Philadelphia,”’ one of the earliest chemical societies jn the world. 

There are many rare engravings among the portrait prints. There are 
autograph letters of Lavoisier, Priestley, Berzelius, Mosander, Liebig, 
Dalton, Davy, Pasteur, and Curie, about 600 in all. Among these is a 
fragment of a Russian manuscript written by Mendeléeff, presented to 
Dr. Smith by Madame Mendeléeff. 

The purpose of the endowment is to make the collection useful to those 
interested in the history of chemistry. It was opened to the public on 
March 1, 1931, and since that time numerous requests from chemists of 
this country and abroad for copies of prints, facsimiles of letters, and bio- 
graphical data have been filled 

A complete cataleg of the material is in course of preparation. In this 
work Dr. F. A. Brasch, secretary of the History of Science Society, and 
chief of the Smithsonian Division of the Library of Congress, has been 
kind enough to act as advisor. We hope eventually to publish the catalog. 

Since March, 1931, gifts of more than 300 books, reprints, and portrait 
prints have been received, the principal donors being Dr. C. A. Browne, of 
Washington, D. C., Dr. Walter T. Taggart, of the University of Pennsyl- 
vania, and Dr. F. E. Brasch. In addition to these gifts, a sum amounting 
to approximately $1000.00 has been received from a group of chemists 
in New York City, to be used in advancing the interests of the collection. 

The authorities of the University of Pennsylvania have generously co- 
operated in making possible the work of the endowment, and have housed 
the collection in the rooms which Dr. Smith formerly occupied in the 
Harrison Laboratory of Chemistry. The curator will be happy to co- 
operate with any who may be interested in consulting the collection. 
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following abbreviations are used for journals listed several times: 


—American Chemical Journal. 

—American Journal of Science. 

—American Philosophical Society, Proceedings. 

—Archivio di Storia della Scienza (Italy). 

—Berichte der deutschen chemischen Gesellschaft (Germany). 
—Chemical News. 

—Journal of the Franklin Institute. 

—Journal of the American Chemical Society. 


JAAC —Journal of Analytical and Applied Chemistry. 


JCE 
JIEC 


—JOURNAL OF CHEMICAL EDUCATION. 
—Journal of Industrial and Engineering Chemistry. 


NASM —National Academy of Science Memoirs. 


PM 


—The Pennsylvania Magazine of History and Biography. 


PANS —Proceedings of the Academy of Natural Sciences, Philadelphia. 
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11. 
12. 
13. 


14. 
15. 
16. 
a. 
18. 
19. 
20. 


21, 


22. 
23. 


—Science. 


TAES —Transactions of the American Electrochemical Society. 


—Zeitschrift fiir anorganische Chemie (Germany). 


Scientific Papers of Edgar Fahs Smith 


Ueber trisubstituierte Benzolverbindungen und die Einwirkung von 
Chlor auf Benzyltrichlorid. Thesis, Univ. of Géttingen. 1876. 

Dichlorsalicylic Acid. APSP. 1877. 

New Chlorine Derivatives of Toluene. APSP. 1877. 

A New Method for the Decomposition of Chromite. APSP. 1877. 

Precipitation of Copper by Sodium Carbonate. APSP. 1877. 

Determination of Phosphorus in Cast Iron. APSP. 1878. 

A New Chlornitro-phenol, etc. APSP. 1878. 

Detection of Iron by Means of Salicylic Acid. APSP. 1878. 

Ueber eine neue Dichlorsalicylsdure, ete. BdcG. 1878. 

Oxydationsversuche mittelst des Galvanischen Stromes. BdcG. 
1879. 

Beryllium Borate. APSP. 1878. 

Analysis of a Calculus Found ina Deer. APSP. 1879. 

Products Obtained in the Nitration of m-Chlorsalicylic Acid. 
ACJ. 1879. 

A New Base. ACJ. 1879. 

The Electrolytic Estimation of Cadmium. APSP. 1879. 

New Results in Electrolysis. ACJ. 1879. 

The Electrolytic Method as Applied to Cadmium. ACJ. 1880. 

Synthesis of Salicylic Acid. ACJ. 1881. 

Corundum and Wavellite. APSP. 1882. 

Determination of Boracic Acid. ACJ. 1882. 

Electrolysis of Bismuth Solutions. With N. WiLey Tuomas. 
ACJ. 1883. 

Minerals from Lehigh County, Penna. ACJ. 1883. 

Minerals from Berks Co., Penna. With D. B. BruNNER. ACV. 


1883. 


* Reprinted from the “Memorial Service for Edgar Fahs Smith” issue by the Uni- 


versity 


of Pennsylvania, 1928. 
655 
















































55. 


56. 
57. 


25. 
26. 
27. 
28. 
29. 


30. 
dl. 


33. 
34. 


30. 
36. 


37. 


39. 
40. 
41. 


42. 
43. 


45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 





JOURNAL OF CHEMICAL EDUCATION APRIL, 1932 





Mineralogical Notes. ACJ. 1884. 

Electrolysis of Molybdenum Solutions. With W. S. Hosxinsoy, 
ACJ. 1885. 

Salicylic Acid Substitution Products. With E. B. Knerr. ACJ, 
1886. 

Substitution Products Obtained from Salicylic Acid. With E. B. 
Knerr. ACJ. 1886. 

Electrolytic Determinations and Separations. With E. B. Knerr, 
ACJ. 1886. 

Electrolysis of Lead Solutions, etc. APSP. 1887. 

The Electrolytic Method Applied toIron. ACJ. 1886. 

Action of the Gas Arising from Arsenious Oxide and Nitric Acid 
upon m-Oxybenzoic Acid. APSP. 1888. 

Electrolytic Method Applied to Mercury. With L. K. Franxet, 
ACJ. 1889. 

Oxidations by Means of the Electric Current. BdcG. 1889. 

Electrolytic Separation of Cadmium from Zinc. With L. K, 
FRANKEL. ACJ. 1889. 

The Compound Co:Cle. With Harry F. KELLER. CN. 1889. 

Derivatives of Mono-chlordinitrophenol and Aromatic Bases. 
JFI. 1889. 

Vanadium in Caustic Potash. JFI. 1889. 

Action of the Gases from Arsenious Oxide and Nitric Acid upon 
p-Oxybenzoic Acid. JFI. 1889. 

Electrolytic Separations. With L. K. Franxer. ACJ. 1890. 

Electrolytic Separations. With L. K. Franxer. ACJ. 1890. 

Electrolytic Method Applied to Palladium. With H. F. Ketter. 
ACJ. 1890. 

Electrolysis of Metallic Phosphates. ACJ. 1890. 

Electrolytic Separations. With L. K. FRANKEL. JFI. 1890. 

Electrolysis of Metallic Phosphates. Second Paper. ACJ. 1891. 

The Decomposition of Chromite by the Electric Current. ACV. 
1891. 

Electrolytic Separations. With F. Muur. ACJ. 1891. 

Oxydation mittelst des elektrischen Stromes. BdcG. 1890. 

Action of Hydrogen Sulphide on Metalammines. With Harry F 
Ketter. BdcG. 1890. 

Electrolytic Method Applied to Rhodium. JAAC. 1891. 

Electrolytic Determination of Mercury. JAAC. 1891. 

Electrolytic Determination of Gold. JAAC. 1891. 

The Determination of Tungstic and Molybdic Acids. With R. H. 
Brapsury. JAAC. 1891. 

The Electrolytic Separation of Mercury from Copper. With A. W. 
McCautey. JAAC. 1891. 

The Electrolytic Precipitation of Iron. With F. Muur. JAAC. 
1891. 

Oxidation of the Mineral Chalocite. With D.L.Wattace. JAAC. 
1891. 

Electrolytic Separations. With D. L. Wattace. JAAC. 1891. 

Ueber die Einwirkung von Molybdan und Wolfram auf Lésungen, 

etc. ZaC. 1892. 
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Bestimmung des Atomgewichts von Kadmium. With W. S. 
Lorm™eR. ZaC. 1892. 

The Atomic Weight of Palladium. With H. F. Ketter. ACJ. 
1892. 

The Electrolytic Separation of Palladium and Platinum from 
Iridium. ACJ. 1892. 

Electrolytic Separations. With J. Birp Moyer. JAAC. 1893. 

Electrolytic Separation of Mercury from Bismuth. With J. B. 
Mover. JAAC. 1893. 

Electrolytic Separation of Copper from Antimony. With D. L. 
Watiace. JAAC. 1893. 

Electrolytic Separation of Copper from Bismuth. With J. C. 
SaLtTaR. JAAC. 1893. 

Ueber die Einwirkung vom Ammoniakgas auf Molybdanylchlorid. 
With Victor LENHER. ZaC. 1893. 

Einwirkung von Ammoniakgas auf Wolframylchlorid. With O. L. 
SHinn. ZaC. 1893. 

Einwirkung der Haloidséuren in Gasform auf Molybdansaure. 
With V. OBERHOLTZER. ZaC. 1893. 

A Crystalline Chromium Tungstate. With H. L. Dirck. JACS. 
1893. 

Action of Different Gases on Metallic Molybdenum, etc. With 
V. OBERHOLTZER. JACS. 1893. 

Electrolytic Separations. With J. C. Sattar. JACS. 1893. 

Elektrolytische Trennungen. With J. B. Moyer. ZaC. 1893. 

Trennung des Kupfers von Wismut. ZaC. 1893. 

Das Atomgewicht von Molybdan. With P. Maas. ZaC. 1893. 

Die Trennung des Kupfers von Wismut. ZaC. 1893. 

Elektrochemische Notizen. ZaC. 1894. 

Electrolytic Separations. JACS. 1894. 

Electrolytic Separations. With H. C. Spencer. JACS. 1894. 

Action of Phosphorus Pentachloride upon Molybdenum Trioxide. 
With G. W. Sarcent. JACS. 1894. 

Doppelbromure von Palladium. With D. L. Wattace. ZaC. 
1894, 

Einwirkung von Molybdandioxyd auf Silbersalze. With O. L. 
SHinn. ZaC. 1894. 

Versuche mit Oxyden von Columbium und Tantal. With P. Maas. 
ZaC. 1894. 

Verwendung von Quecksilber Oxyd bei der Analyse. With P. R. 
Heyi. ZaC. 1894. 

Action of Hydrochloric Acid Gas upon Sodium Vanadate. With 
J. G. Hrpss. JACS. 1894. 

An Attempt to Prepare Molybdenum Hexachloride. With H. C. 
Burr. JACS. 1894. 

Ueber Molybdanamide. ZaC. With HERMAN FLEcK. 1894. 

Ueber die Einwirkung von Salzséuregas auf Vanadinsaures Natron. 
With J. G. Hrpss. ZaC. 1894. 

Action of Metallic Magnesium upon Manganese Salts. With J. G. 
Hisss. JACS. 1894. 

Ueber das Atomgewicht von Wolfram. ZaC. 1895. 
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Ueber die Specifische Warmes des Metallischen Wolframs. With 
A. W. GoopsPEED. ZaC. 1895. 

Ueber das Atomgewicht des Wolframs. With E. N. Desi. Zac, 
1895. 

Ueber das Atomgewicht von Wolfram. With M. PENNINGTon, 
ZaC. 1895. 

Action of Haloid Acids upon the Elements of Group V. With F. L, 
Meyer. JACS. 1895. 

Uranium Oxynitride. With J. M. MatruHews. JACS. 1895. 

Action of Hydrochloric Acid Gas upon Salts of the Elements of 
Group V of Periodic System. With J.G.Hrpps. JACS. 1895 

Action of Phosphorus Pentachloride upon the Dioxides of Zirconium 
and Thorium. With H. B. Harris. JACS. 1895. 

Electrolytic Determination of Ruthenium. With H. B. Harris, 
JACS. 1895. 

Electrolytic Separations. With D. L. Watitace. JACS. 1895. 

Separation of Iron from Beryllium. With E. A. Atkinson. JACS. 
1895. 

Electrolytic Determination of Mercury. With D. L. WALLacz. 
JACS. 1896. 

Tungsten Hexabromide. With H. ScHarrer. JACS. 1896. 

Action of Acid Vapors on Metallic Sulphides. With J. KE .Ly, Jr. 
JACS. 1896. 

Separation of Bismuth from Lead. With A. L. BENKERT. JACS. 
1896. 

Separation of Manganese from Tungstic Acid. With W. T. Tac- 
GART. JACS. 1896. 

Separation of Vanadium from Arsenic. With C. Fretp. JACS. 
1896. 

The Electrolytic Determination of Cadmium. With D. L. WaAL- 
LacE. JACS. 1897. 

Constitution of Arsenopyrite. With F. W. STarKE & H. L. SHock. 
JACS. 1897. 

Ammonium Selenide. With Vicror LENHER. JACS. 1898. 

Electrolytic Determinations. With D. L. Watrace. JACS. 
1898. 

Action of Sulphur Monochloride upon Minerals. JACS. 1898. 

Observations on Aconitic Acid. WithD.C.Hanna. JACS. 1899. 

Action of Hypophosphorus Acid on Molybdic Acid. With Crar- 
ENCE EpaucH. JACS. 1899. 

Action of Hydrochloric Acid Gas upon Sulphates, Selenates, etc. 
With R. W. Tunnett. JACS. 1899. 

Precipitation of Copper by Zinc. With J. C. SHencie. JACS. 
1899. 

Persulphates of Rubidium, Caesium, etc. With A. R. Foster. 
JACS. 1899. 


Electrolytic Oxidation of Succinic Acid. With C. H. CLARKE. 
JACS. 1899. 

Electrolysis of Metallic Phosphate Solution. With H. M. FERnN- 
BERGER. JACS. 1899. 

Observations upon Tungsten. JACS. 1899. 
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The Electrolytic Oxidation of Toluene. With A. MERZBACHER. 
JACS. 1900. 

The Separation of Molybdic Acid from Tungstic Acid. With 
M. J. RuGENBERG. JACS. 1900. 

Alloys Made in the Electric Furnace. With L. P. HaAmILTon. 
JACS. 1901. 

Experiments on Chalcopyrite. With L. P. Morcan. JACS. 
1900. 

The Atomic Weight of Antimony. With G. CLAUSEN FRIEND. 
JACS. 1901. 

The Electrolytic Separation of Mercury from Copper. With C. R. 
SparE. JACS. 1901. 

The Precipitation and Separation of Silver in the Electrolytic 
Way. With W. H. Futwerer. JACS. 1901. 

The Electrolytic Method Applied to Uranium. With L. G. Kor- 
tock. JACS. 1901. 

The Electrolysis of Molybdenum Solutions. With L. G. KoLiock. 
JACS. 1901. 

Ammonium Vanadico Phosphotungstate. With FRANZ EXNER. 
JACS. 1902. 

Observation on the Electrolytic Precipitation of Zinc and Copper. 
JACS. 1902. 

Use of a Mercury Cathode in Electro-Chemical Analysis. JACS. 
1903. 

Metal Separations in the Electrolytic Way. JACS. 1903. 

Derivatives of Complex Inorganic Acids. With ALLEN ROGERS. 
JACS. 3rd paper. 1903. 

Derivatives of Complex Inorganic Acids. With A. ROGERS. 
JACS. 4th paper. 1903. 

Derivatives of Complex Inorganic Acids. With CLARENCE W. 
BALKE. 5th paper. JACS. 1903. 

Derivatives of Complex Inorganic Acids. With ALLEN ROGERS. 
6th paper. JACS. 1903. 

Use of the Rotating Anode in Electroanalysis. JACS. 1904. 

The Atomic Weight of Tungsten. With Franz Exner. APSP. 
1904. 

Some Observations on Columbium. With R. D. Hatt. APSP. 
1903. 

Observations on Columbium and Tantalum. APSP. 1905. 

The Use of the Rotating Anode and Mercury Cathode in Electro- 
analysis. With L.G. Kottocx. APSP. 1905. 

The Use of the Rotating Anode and Mercury Cathode in Electro- 
analysis. Second paper. JACS. 1905. 

The Rapid Precipitation of Antimony in the Electrolytic Way. 
With J. Lancness. JACS. 1905. 

The Effect of Sulphuric Acid on the Deposition of Metals When 
Using a Mercury Cathode and Rotating Anode. With L. G. 
Kottock. APSP. 1906. 

The Use of a Rotating Anode in the Electrolytic Precipitation of 
Uranium and Molybdenum. With E. T. Wuerry. APSP. 


1906. 









163. 
164. 
165. 


166. 
167. 


168. 
169. 


JOURNAL OF CHEMICAL EDUCATION APRIL, 1932 


The Influence of Sulphuric Acid on the Electrolytic Determination 
of Metals with the Use of a Rotating Anode and Mercury Cathode, 
With L. G. Kottocxk. JACS. 1907. 

The Electrolysis of Metallic Chloride Solutions with the Use of 
Rotating Silver Anode and Mercury Cathode. With T. P, 
McCutcHeon. JACS. 1907. 

The Precipitation of Uranium and Molybdenum with the Use of 
Rotating Anode. With E.T. WHerry. JACS. 1907. 

New Results in Electroanalysis. With L. G. Kottocx. APSP. 
1907. 

The Cathodic Precipitation of Carbon. With Wm. Bium. APSP. 
1907. 

The Electrolysis of the Halides of the Alkaline Earth Metals, 
With H. S. Luxens. JACS. 1907. 

The Determination of Zinc with the Aid of the Mercury Cathode 
and Rotating Anode. With L. G. Kottocx. TAES. 1908. 
Observations on Columbium. With C. W. BaLKeE. JACS. 1908. 
Separation of the Alkali Metals in the Electrolytic Way. With 

J. Gotpsaum. JACS. 1908. 

An Attempt to Separate the Alkaline Earth Metals in the Electro- 
lytic Way. JACS. 1909. 

Electrolytic Separations. WithI.H. Buckminster. JACS. 1910. 

Electrolytic Determination of Chlorine in Hydrochloric Acid with 
the Use of a Silver Anode and a Mercury Cathode. JACS. 
1910. 

The Determination of Indium with the Use of a Mercury Cathode. 
JACS. 1910. 

Some Berks County Minerals. PANS. 1910. 

The Atomic Weight of Tantalum. With W. H. Cuapin. JACS. 
1911. 

The Action of Hydrofluoric Acid Gas upon Certain Oxides. With 
W. K. van Haacen. JACS. 1911. 

The Atomic Weight of Fluorine. With D. J. McApam. JACS, 
1912. 

Notes on Sodium Columbates. With W. K. van Haacen. JACS 
1915. 

Atomic Weight of Columbium. With W.K. van Haacen. JACS. 
1915. 

Recent Advances in Electrochemical Analysis. TAES. 1909. 

Atomic Weight of Boron. Monograph published by Carnegie 
Institution of Washington, 1918. 

Sodium Tungstates. I. JACS. 1922. 

Sodium Tungstates. II. JACS. 1924; CN. 1924. 

Behavior of Organic Bases toward Soluble Tungstates. A PSP. 
1926. 

An Interesting Behavior of Soluble Meta-Tungstate. APSP. 1926. 

Observations on Soluble Meta-Tungstates. CN. 1927. 


Brochures on the History of Chemistry 


THEODORE G. WorMLEY, JR. ACS. 1897. 
ROBERT Empie Rocers. NASM. 1905, 
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FairMAN Rocers. NASM. 1909. 

GeorGE F. BarKER. AJS. 1910. 

Davip RITTENHOUSE. 1914. 

Men of Science from the Keystone State. 1914. 

BENJAMIN SMITH BARTON. 1916. 

The American Spirit in Chemistry. JJEC. 1919. 

Progress of Chemistry. Address. ACS. 1921. 

Our Science. Address. ACS. 1922. 

James CurTIS Bootu. 1922. 

FRANKLIN BacHE. 1922. 

SaMuEL LATHAM Mitcuitt (Chandler Lecture, Columbia University). 
1922. 

Priestleyana. 1922. 

M. Carey Lea. 1923. 

Jacop GREEN. 1923. 

History of Chemistry in America with Special Reference to Yale. Ind. 
Eng. Chem. 1923. , 

CHARLES BASKERVILLE. J. Chem. Soc. 1923. 

MartTIN Hans Boye. 1924. 

Address at the Edward Hart Celebration. S. 1924. 

JoHn Griscom. 1925. 

JoHN MarsHaLL, Catalyst. 1925. 

A Half Century of Mineral Chemistry in America, 1876-1926. JACS. 
1926. 

Observations on Teaching the History of Chemistry. JCE. 1926. 

Fragments Relating to the History of Chemistry in America. JCE. 
1926. 

Forgotten Chemists. JCE. 1926. 

Bromine and Its Discoverers. JCE. 1926. 

Early Science in Philadelphia. PMHB. 1926. 

JosEPH PRIESTLEY (Priestley Medal Lecture). S. 1926. 

JaMEs BLYTHE RoGErRsS. 1927. 

A Look Backward. JCE. 1927. 

RoBert Hare. ASS. 1927. 

A Glance at the Early Organic Chemistry in America. JCE. 1927. 

Dedicatory Address—Dedication of Chemistry Building, University of 
Maryland. Official Publication, U. of M. 1927. 

Wii1aM SmitH, D.D., First Provost of the University of Pennsylvania. 
Gen. Mag. Hist. Chronicle. 1927. 

CHARLES MAYER WETHERILL, 1825-71. (Edited and completed by C. A. 


Browne.) JCE. 1929. 
Books 


CLASSEN’s Quantitative Analysis. (Translation.) Philadelphia. 1878. 

Chemical Analysis of the Urine. With JoHNn Marswati, M.D. Phila- 
delphia. 1881. 

Von RicuTER’s Inorganic Chemistry. (Translation.) Philadelphia. 6 
editions (1883-1900). 

Von RicutTer’s Organic Chemistry. (Translation.) Philadelphia. 4 
editions (1883-1900). 

Chemical Experiments. With Dr. H. F. Ke.ier. Philadelphia. 10 

editions (1890-1900). 
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Electrochemical Analysis. Philadelphia. 6 editions (1890-1918). Ger. 
man editions, 1893 and 1908; French edition, 1900. 

OETTEL’s Introduction to Electrochemistry. (Translation.) Philadel. 
phia. 1893. 

OETTEL’S Practical Exercises in Electrochemistry. (Translation.) Phila- 
delphia. 1897. 

Elements of Chemistry in Lecture Form. Philadelphia. 7 editions 
(1908-18). 

Elements of Electrochemistry. Philadelphia. 1913 and 1917. 

Theories of Chemistry. Philadelphia. 1913. 

Chemical Experiments, Shorter Course. Philadelphia. 1913 and 1923. 

Atomic Weights. Philadelphia. 1915. 


Books on the History of Chemistry 


Chemistry in America. New York. 1914. 

RoBERT HAaRE—An American Chemist. Philadelphia. 1917. 
James WoopHousE. Philadelphia. 1918. 

Chemistry in Old Philadelphia. Philadelphia. 1918. 
James CuTBusH. Philadelphia. 1919. 

Priestley in America. Philadelphia. 1920. 

Old Chemistries. New York. 1927. 


Doctors of Philosophy in Chemistry 
(Theses carried out under direction of Edgar Fahs Smith) 
H. Witey Tuomas, Muhlenberg College. The Electrolysis of Bismuth 


Solutions (1883). 

H. S. Warwick: Electrolysis of Metallic Formates (1891). 

LEE K. FRANKEL: Oxidation of Metallic Arsenides by the Electric Cur- 
rent (1891). 

S. C. ScumucKER: Electrolysis of the Metals of the Second Group (1893). 

A. P. Brown: Constitution of Pyrite and Marcasite (1894). 

Tuomas LicuTroot: Constitution of Arsenopyrite (1894). 

R. H. BrapBury: Reaction between Molybdic Acid and Potassium 
Bichromate (1894). 

C. H. EHRENFELD: A Study of the Behavior of Tungsten and Molyb- 
denum and Their Trioxides (1894). 

Fanny R. M. Hircucock: Tungstates and Molybdates of the Rare 
Earths (1894). 

Mary E. PENNINGTON: Derivatives of Columbium and Tantalum (1895). 

A. N. SEAL: The Action of Acid Amides on Benzoin (1895). 

W. L. Harpin: Determination of the Atomic Masses of Silver, Mercury, 
and Cadmium by the Electrolytic Method (1896). 

J. Brrp Mover: Metal Separations by Means of Hydrochloric Acid Gas 
(1896). 

O. L. Sinn: The Atomic Mass of Tungsten (1896). 

J. G. Hrsss: Action of Hydrochloric Acid Gas upon Arsenates and 
Nitrates (1896). 

Enri D. Desi: University of Geneva 1896. Thesis carried out at the 
University of Pennsylvania under the direction of E. F. S. and so 
acknowledged in its printing. 

L. A. Ryan: Derivatives of Pyroracemic Acid (1897). 
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Derivatives of Silicon Tetrachloride (1897). 

H. B. Harris: The Volumetric Determination of Cobalt (1897). 

V. LENHER: The Atomic Mass and Derivatives of Selenium (1898). 

_M. MattHews: Derivatives of the Tetrahalides of Zirconium (1898). 

W. M. Grosvenor: A Study in Electrolytic Reduction (1898). 

G. E. Tuomas: The Atomic Mass of Tungsten (1898). 

G. W. SARGENT: Quantitative Determination of Boric Acid in Tourmaline 
(1898). 

ELIZABETH A. ATKINSON: Metal Separations by Means of Hydrobromic 
Acid (1898). 

J. H. James: An Electrolytic Study of Benzoin and Benzil (1899). 

A. TINGLE: The Influence of Substituents on the Electric Conductivity 
of Benzoic Acid (1899). 

Liry G. Kotiockx: Electrolytic Determinations and Separations (1899). 

C. L. SarGENT: The Production of Alloys of Tungsten and of Molyb- 
denum in the Electric Furnace (1900). 

G. W. RockweE._: An Electrolytic Study of Pyroracemic Acid (1900). 

W.C. EpauGH: The Atomic Weight of Arsenic (1901). 

T. M. TayLor: Atomic Weight of Tungsten and the Ammonium Tung- 
states (1901). 

Atice McM. JEFFERSON: Aromatic Bases as Precipitants for Rare Earth 
Metals (1901). 

G.H. Boces: Action of Hydrochloric Acid on Vanadates (1901). 

L.P. Wyman: The Purification of Tungstic Acid (1902). 

ALLEN RoGerS: Derivatives of New Complex Inorganic Acids (1902). 

A.T. KAMMERER: The Electrolytic Estimation of Bismuth, etc. (1902). 

W. H. Easton: The Reduction of Nitric Acid in Metallic Nitrates 
by the Electric Current (1903). 

B. L. HARTWELL: The Precipitation of Cerium, etc., by Certain Organic 
Bases (1903). 

G. P. ScHott: The Electrolytic Precipitation of Manganese (1903). 

W. T. TaGcart: The Electrolytic Precipitation of Nickel from Phos- 
phate Solutions (1903). 

F. F ( EXNER: The Rapid Precipitation of Metals in the Electrolytic Way 

1903). 

R. D. Hatt: Observations on the Metallic Acids (1904). 

L. H. INGHAM: The Use of the Rotating Anode in the Electrolytic 
Estimation of Zinc and of Nitric Acid (1904). 

H. W. BRUBAKER: Derivatives of Complex Inorganic Acids (1904). 

SARAH P. MILLER: Determination and Separation of Gold in the Elec- 
trolytic Way (1904). 

D. S. AsHBROOK: Electrolytic Separations Possible with a Rotating 
Anode (1904). 

R. E. Myers: Results Obtained in Electrochemical Analysis by the Use 
of a Mercury Cathode (1904). 

M. H. Beprorp: Columbates (1905). 

J. R. WirHrRow: The Electrolytic Precipitation of Gold, etc. (1905). 

R. O. SmitH: The Rapid Precipitation of Lead and Mercury in the 
Electrolytic Way (1905). 

ALIcE L. Davison: The Electrolytic Determination of Cadmium, with 

the Use of a Rotating Anode (1905). 


J. F. X. HAROLD: 
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C.W. Batke: Double Fluorides of Tantalum (1906). 

Jutia LancnEss: Electrolytic Determinations and Separations with the 
Use of a Rotating Anode (1906). 

J. = eo Determination of Anions in the Electrolytic Way 

1906). 

ANNA L. FLANIGAN: The Electrolytic Precipitation of Copper from an 
Alkaline Cyanide Electrolyte (1906). 

L. F. Witmer: The Electrolytic Determination of Tin (1906). 

T. P. McCutcHEon: New Results in Electroanalysis (1907). 

JoHN Frazer: The Application of the Rotating Anode to Certain 
Electrolytic Separations (1907). 

G. W. Morven: The Determination of Thallium in the Electrolytic 
Way (1908). ‘ 

HARRISON Hate: An Electrolytic Method of Analyzing Zinc Ores (1908). 

W. re Tg A Study of the Spectrum and Bromides of Columbium 

1908). 

L.C. Danrets: Derivatives of Complex Inorganic Acids (1908). 

GerorGE I. KEMMERER: The Atomic Weight of Palladium (1908). 

W. BLum: Experiments on the Atomic Weight of Cadmium (1908). 

Mary E. Hotmes: The Use of the Rotating Anode in Electrolytic 
Separations (1908). 

J. A. SCHAEFFER: Double Fluorides of Titanium (1908). 

D. J. McApams: The Atomic Weight of Vanadium (1908). 

C. McD. Gittan: The Composition of Ammonium Phospho-Molyb- 
date (1909). 

W. K. VAN HaaGen. Tantalum and Some of Its Halides (1909). 

W.H.Cuapin: Halide Bases of Tantalum (1909). 

J. L. K. Snyper: Double Fluorides of Titanium and Zirconium (1909). 

B. L. Girascock: Metallic Strontium (1909). 

G. W. Plummer: The Constitution of Marcasite and Pyrite (1910). 

J. H. Mutier: The Action of Salicylic Acid upon the Metallic Acids 
(1910). 

G. V. Brown: The Determination of Manganese by Various Gravimetric 
Methods (1910). 

J.S.GotpBaum: The Atomic Weights of Chlorine and Bromine (1910). 

W. B. Hicxs: The Use of Sulphur Monochloride in the Decomposition 
and Analysis of Rare Earth Minerals (1911). 

N. K. Cuaney: The Electrolytic Precipitation of Antimony (1912). 

H. S. HarRNED: Halide Bases of Columbium (1913). 

H. S. Lukens: Scandium in American Wolframite (1913). 

E. E. MARBAKER: Separation of Molybdenum and Tungsten (1914). 

T. R. ALEXANDER: The Quantitative Determination of Chromium 
(1915). 

Witiiam Apo.tpH: The Determination of Fluorine (1915). 

J. B. Hit: Some New Derivatives of Tungsten (1916). 

O. R. Sweeney: A Separation of Arsenic, Antimony, and Vanadium 
from Tungsten: On the Complex Bisthuthico Tungstates (1916). 
Harry BECKERMAN: I. Tungsten Hexabromide. II. Tungsten Com- 

plexes (1918). . 
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BIOGRAPHICAL ACCOUNTS ON EDGAR FAHS SMITH, 
APPEARING SINCE 1928 


Browne, C. A., “Edgar Fahs Smith, 1854-1928,” J. Cuem. Epuc., 5, 


656-63 (June, 1928). 
TAGGART, WALTER T., “Edgar Fahs Smith,” Science, 68, 6-8 (July 6, 


1928). 
Browne, C. A., “Edgar Fahs Smith, 1854-1928,” Jsis, 11, 375-84 


(Dec., 1928). 

Dercom, FRANcIs X., “Edgar Fahs Smith,” Jbid. Marston T. 
Bocert. Jbid. Jostan H. PeENNIMAN, ‘Memorial Service for Edgar 
Fahs Smith,’’ University of Pennsylvania, December 4, 1928. 

“Some Experiences of Dr. Edgar Fahs Smith asa Student under Wohler.” 
(As recorded by W. McPuHerson.) J. Cuem. Epuc., 5, 1554-7 (Dec., 
1928). 

HILDEBRAND, J. H., “Edgar Fahs Smith,” Bull. soc. chim. ind., 1929, 
22-5. 
Bocert, Marston T., “Edgar Fahs Smith—Chemist,” Science, 69, 


557-65 (1929). 
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Mrs. EpGarR FAuHs SMITH 


“When we reflect upon his very unusual history, we cannot help but wonder, how 
was it possible for this man to accomplish so much, to make so many investigations, 
to write so many books, to play so great a réle in the history of science and of our Uni- 
versity? How was it that he was able to devote every conscious hour unremittingly 
and unceasingly to. work? The answer lies in the fact that he had been blessed with a 
helpmeet who relieved him of every possible worldly care, and this continued throughout 
his long life and embraced all of those intimate details which only good and devoted 
women know. Early in his career, too, he could find time for original research only in 
the evenings, as every hour of the day was filled by teaching and by college duties. 
For a period of several years, this faithful helpmeet was his constant companion during 
these evenings of work in the laboratory which usually extended late into the night. 
That she was a source of encouragement to him and that she shared his enthusiasm, 
we may well believe. But for the singleness of purpose, the self-effacing, whole-hearted 
devotion which inspired her, Margie A. Gruel Smith, his great career would not have 
been possible; for this man so great in many ways had no thought of the ordinary 
affairs of life or of the homely details of everyday existence.’’ 





HISTORICAL SKETCH OF THE DIVISION OF HISTORY OF 
CHEMISTRY, AMERICAN CHEMICAL SOCIETY* 


Lyman C. NEWELL, BOSTON UNIVERSITY, BOSTON, MASSACHUSETTS 


The Division of History of Chemistry was started by the late Edgar F. 
Smith. His interest in the history of chemistry began when he was a young 
man, and during his lifetime he gathered a marvelous collection of books, 
portraits, autograph letters, and miscellaneous memorabilia of chemists. 
He gave a course in the history of chemistry for many years. At meetings 
of the American Chemical Society it was his custom to talk over the history 
of chemistry with willing listeners and to show them some interesting book 
or letter relating to a famous chemist or to an important period in the his- 
torical development of chemistry. 

On several occasions Dr. Smith expressed the hope that sometime those 
interested in the history of chemistry would get together at stated times 
and talk over matters of mutual interest. It is quite certain that he had 
in mind for some years the formation of a division devoted to the history 
of chemistry like the other divisions in the Society. At the Chicago meet- 
ing in September, 1920, he discussed this matter at great length with Dr. 
Charles A. Browne, who told Dr. Smith that there were doubtless enough 
members of the Society interested in the history of chemistry to establish 
a Section if they could be induced to take the time from some other Section 
with which they were already connected. 

Dr. Smith evidently was convinced of sufficient support because at the 
Rochester meeting in April, 1921, he, as president of the society, announced 
the informal formation of a Section of History of Chemistry, stated also 
that he had brought with him some old books, autograph letters, and 
other historical material, and concluded by inviting all who were interested 
to attend the meeting in Room 111 at the Mechanics Institute. Nearly 
fifty chemists responded. Dr. Smith spoke delightfully about his hobby 
and displayed some intensely interesting material on early chemistry in 
America. Drs. Browne, Parsons, Dains, Franklin, Moore, Frankforter, 
and Rice also spoke, the first-named at length on men who contributed to 
chemistry in America. 

In response to the inquiry of Dr. Charles E. Coates if it was desired to 
organize the Section of History of Chemistry upon the same basis as other 
sections and divisions of the American Chemical Society, Dr. Smith replied 
he thought it would be better not to force the movement but to let the mat- 
ter develop freely and spontaneously, meeting at first for a friendly ex- 
change of views and display of material without a pre-arranged schedule 
and postponing formal action until enough interest showed that the proper 
time for action had come. 

* Presented before the Divisions of Chemical Education and History of Chemistry 


of the A. C. S. at Buffalo, N. Y., September 1, 1931. 
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The expected interest developed more rapidly than was anticipated, and 
in the program of the New York meeting in September, 1921, this item was 
included in the announcements: 


History of Chemisiry.—President Edgar F. Smith and kindred 
spirits will meet Friday afternoon, September 9, in Room 301, Mines, 
to discuss their hobbies. 


The response to this characteristic invitation, which was probably 
written by Dr. Smith, was large enough to dispel any doubt he may have 
had about interest in the history of chemistry. About one hundred chem- 
ists gathered in a rather small room on the afternoon of September 9, 1921, 
A few had been previously informed about the meeting and came prepared 
to participate. Dr. Smith stressed the importance of bringing American 
chemistry to the attention of an interested but uninformed public in Europe 
as well as in the United States. He exhibited a letter of Priestley, also a 
photograph and a large lithograph of the copy of the Stuart portrait of 
Priestley recently made by the Philadelphia artist, Albert Rosenthal. Pa- 
pers were read by Drs. Newell and Browne, who exhibited illustrative ma- 
terial relating to their subjects. Several men spoke enthusiastically of the 
proposed plan of having regular meetings devoted exclusively to the history 
of chemistry. This meeting was an inspiration to those who were familiar 
with the history of chemistry and a revelation to many whose interest in 
this field was sincere though dormant. Asa result, proper steps were taken 
at once to organize formally the Section of the History of Chemistry. Sub- 
sequently Dr. Charles A. Browne was elected chairman and Dr. Lyman 
C. Newell secretary of it. 

The first regular meeting of the Section of History of Chemistry was held 
at Birmingham, Alabama, in the spring of 1922. The attendance was 
large, so large, that it effectively answered the doubts expressed by some 
individuals, official as well as non-official, about the real interest in such 
an unimportant branch of chemistry as its history. There were eleven 
papers on the program and several were supplemented by exhibits of rare 
books, autograph letters, and apparatus. 

On September 5, 1927, the Section became a Division, and Dr. Lyman C. 
Newell was elected chairman and Dr. Tenney L. Davis secretary. 

The Section and Division have held nineteen meetings, including three 
joint meetings, at which one hundred seventy-three papers were presented. 
At several meetings special exhibits of historical material were arranged, 
conspicuously at Pittsburgh, New Haven, Ithaca, Swampscott, Atlanta, 
and Columbus. Most of the papers at each meeting have been supple- 
mented by portraits, autograph letters, books, and other memorabilia; 
lantern slides have been freely used. 
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During the last two years or so the Division has limited its programs to 
only a few papers, and these largely by invitation. By this plan a co- 
ordinated program was offered, and time was available for discussion and 
for display of illustrative material. 

Dr. Smith attended all meetings of the Section and Division up to and 
including the meeting at St. Louis in the spring of 1928. His death oc- 
curred on May 3, shortly after this meeting. From the first regular meeting 
at Birmingham through the succeeding six years (1922-28) Dr. Smith 
participated actively in the work of the Section and Division. He pre- 
sented papers at most of the meetings. These papers were published either 
in the JOURNAL of CHEMICAL EpucaTION or as brochures, and generously 
distributed. They form a valuable contribution to the history of chemistry 
in America, particularly the papers on Thomas Cooper, James C. Booth, 
Jacob Green, Martin Hans Boyé, and John Griscom. 

At every meeting Dr. Smith gave practical advice about teaching the 
history of chemistry, fortified by his long experience. Those who have at- 
tended meetings of the Section and Division will always remember the 
occasions when Dr. Smith urged us to collect and preserve historical 
material, and will also recall vividly his look of satisfaction as he extracted 
a rare book from his capacious pocket and told the story of its acquisition, 
place in the development of chemistry, and meaning to those who would 
take time to look it over. Moreover, hardly a meeting passed without 
tangible evidence of Dr. Smith’s generosity. Portraits, books, photo- 
graphs, and autograph letters were bestowed freely, and many a collection 
was started or enlarged at our meetings. Subsequent to a meeting some 
expressed wish would often be gratified by a gift accompanied by a sincere, 
friendly letter. 

Truly, the Division of History of Chemistry owes its inception, develop- 
ment, standards, and permanency to the vision, wisdom, generosity, in- 
telligence, and culture of our incomparably beloved patron, Dr. Edgar 
F. Smith. 





DECENNIAL MEETING, DIVISION OF CHEMICAL EDUCATION, 
AMERICAN CHEMICAL SOCIETY* 


Joun N. Swan, NEw WILMINGTON, PENNSYLVANIA 


We have met today to celebrate the tenth anniversary of the formation of 
the Section of Chemical Education of the American Chemical Society and 
to do honor to the memory of Dr. Edgar Fahs Smith who was so prominent 
in the organization of this Section and the Section of History of Chemistry, 

A decade is not a long period in the history of an organization, as organi- 
zations ordinarily go, but sometimes notable advances are made in the 
short period of ten years. This may be said to be true in the case of the 
Division of Chemical Education. We can justly point with pride to its 
notable achievements, praise its spirit of progress and predict continued 
usefulness with aggressive activity. This is not the oldest division of the 
Society but it has become one of the most active, and no other division can 
point to greater accomplishments. 

It is difficult to find the exact story of the beginning of an organization, 
such as this Division of Chemical Education, ten years after its organiza- 
tion. No doubt it had been in the minds of a number of chemistry teachers 
that the educators should appear more prominently on the programs of the 
meetings of the American Chemical Society, or should get together in some 
sort of an organization. The writer recalls a talk which he had with Dr. 
Charles H. Herty more than a quarter of a century ago in which the ques- 
tion was raised as to whether or not a teacher received benefit enough from 
the Society meetings to justify the expense of attending. Nothing was 
suggested about founding an organization and thus bettering conditions. 
The Society was small then and there was no call for multiplying divisions. 

One such discussion of the lack of educational matter was notable in that 
it had an influence in securing the organization later. Mr. and Mrs. Wil- 
helm Segerblom were visiting Dr. Edgar F. Smith in his library during the 
Philadelphia meeting of the Society in. 1919. During this visit Mr. Seger- 
blom suggested that something should be done to give more interest to 
teachers of chemistry at the meetings of the Society. Dr. Smith later 
referred to this friendly talk more than once as having enlisted his interest 
in the idea. No attempt at initiating an organization was made at that 
time. 

Dr. Edward Ellery gave a paper before the Division of Physical Chem- 
istry at the Rochester meeting in the spring of 1921 which attracted the 
attention of teachers of chemistry. Among those thus interested was Dr. 
Neil E. Gordon, and in June of that year Dr. Gordon wrote to Dr. Charles 
L. Parsons, the secretary of the Society, asking for an interview. The re- 

quest was granted, and at this interview Dr. Gordon urged that something 
be done toward scheduling more educational papers at the meetings of the 


* At Buffalo, New York, September, 1931. 
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Society. Dr. Parsons said that if Dr. Gordon could find twenty members 
who were interested in this matter they might try having a Section of 
Chemical Education at the next meeting. Dr. Gordon got the twenty 
names and he and Dr. Parsons appealed to Dr. Edgar F. Smith, then presi- 
dent of the Society, for approval of the movement. Dr. Smith heartily 
approved but cautioned them not to infringe in any way on the Section of 
History of Chemistry which was also just being formed. Dr. Parsons asked 
Dr. Smith to act as chairman of the Section and Dr. Gordon to act as secre- 
tary. Dr. Gordon at once actively entered upon securing a program of 
papers for the fall meeting of the Society in New York City. 

The Section of Chemical Education of the American Chemical Society 
held its first meeting on Sept. 8, 1921, at the New York meeting of the 
Society. The first sessions were held in a small room, but the attendance 
was so large that more commodious quarters had to be obtained. From 
the appearance on the program of the very first speaker, Dr. Edgar F. 
Smith, there was manifested a lively interest in the program and in the 
organization of the educational chemists. 

Dr. Edgar F. Smith presided at all of the meetings for the three years of 
the life of the organization as a Section. There is no doubt that his in- 
fluence had much to do with the interest in this new organization. He was 
a tower of strength to chemical education and a beloved companion of 
chemical educators. His interest in the history of chemistry and chemical 
education in America and his wonderful knowledge in regard to those who 
were early workers in this field in our country gave him a prestige that at 
once helped establish the Section when he gave his sanction to the organiza- 
tion and presided at the first meeting. His helpful interest and active par- 
ticipation in all of the meetings until the time of his death did much to gen- 
erate the enthusiasm which has permeated the Division throughout the 
decade. We all loved him and were pleased to be a part of an organiza- 
tion which was dear to him and in which he played so helpful a part. It 
is entirely appropriate that at this decennial celebration we give special 
honor to the memory and service of Dr. Edgar Fahs Smith, the first chair- 
man of the Section and a prime mover in the development of the Division 
of Chemical Education. 

In the fall of 1923 at the Milwaukee meeting of the Society the Section 
of Chemical Education was authorized to organize itself into a Division of 
Chemical Education of the American Chemical Society. This was ac- 
complished and the first meeting as a Division of the Society was held at 
Ithaca, N. Y., in the fall of 1924 with Neil E. Gordon as chairman and 
Wilhelm Segerblom as secretary. The Constitution and By-Laws of the 
new organization were approved by the Council at the Ithaca meeting. 
Since the fall of 1924 the Division of Chemical Education has been function- 
ing regularly, with well-attended semi-annual meetings. There have been 
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changes in the Constitution and By-Laws and a new Constitution and 
By-Laws were adopted at the Minneapolis meeting in September, 1929, 

It is interesting to run over the list of those who have held official posi- 
tions in the Section and Division, for it is a list of those who have given ser- 
vice and who have helped to make the organization worth while. 

The following men have served as chairmen of the organization. While 
it was a Section these were appointed and since it has been a Division they 
have been elected. 

EpGar F. SMITH Sept., 1921—April, 1924 
NEIL E. GORDON April, 1924-Sept., 1924 
W. A. Noyes Sept., 1924-Aug., 1925 
W. SEGERBLOM Aug., 1925-Sept., 1926 
B. S. HopKINs Sept., 1926—April, 1928 


Wm. McPHERSON April, 1928-Sept., 1929 
J. N. Swan Sept., 1929-Sept., 1931* 


The following men have served as secretaries: 


NEIL E. GoRDON Sept., 1921—April, 1924 
W. SEGERBLOM April, 1924—Sept., 1924 
B. S. HopKINs Sept., 1924-Sept., 1926 
R. A. BAKER Sept., 1926- 


The following have served as vice-chairmen: 
T. G. THOMPSON 


G. W. SEARS 
M. V. McGILi 


The following have served on the Executive Committee in addition to 
those who are ex-officio members: 


J. H. HILDEBRAND H. A. CARPENTER 
H. R. SMITH H. I. SCHLESINGER 


L. W. MATTERN W. SEGERBLOM 
W. D. ENGLE M. V. McGILi 


Wan. McPHERSON B. S. HopKINs 


ERLE M. BILLINGS was treasurer from September, 1924, to April, 1928, 
and Miss Rosa.ig N. Parr from that time to date.** 

ERLE M. BILLINGS was business manager from September, 1924, to 
October, 1927. In October, 1927, Wm. W. Burrum was made business 
manager for the JOURNAL OF CHEMICAL EpuCATION and continues in that 
position. . 

We should here list also those who have acted as local secretaries at the 
meetings of the Division: 


* At the Buffalo meeting OWEN L. SHINN was elected chairman for 1932. 
** At the Buffalo meeting VirGINIA BARTOW was elected treasurer for 1932. 
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O. E. MADISON Detroit Sept., 1927 
L. J. Woop St. Louis April, 1928 
A. W. TAYLOR Swampscott Sept., 1928 
Jesse E. Day Columbus April, 1929 
H. H. BARBER Minneapolis Sept., 1929 
M. A. GAERTNER Atlanta April, 1930 
E. J. MORGAN Cincinnati Sept., 1930 
Joun R. KUEBLER Indianapolis April, 1931 
JouNn RICHELSON, JR. Buffalo Sept., 1931 


In later years the Executive Committee has been able to have a mid-year 
meeting about January first each year, due to the help of The Chemical 
Foundation, Inc. 

At the Pittsburgh meeting in the fall of 1922 a Committee on Chemical 
Education was appointed by the Section. At the Milwaukee meeting, 
one year later—the meeting at which the Section was authorized to orga- 
nize itself into a Division—the Section asked that its Committee on Educa- 
tion be made a Committee of the Society, and the request was granted. 
At the next meeting which was held in Washington in the spring of 1924 
this committee announced that it had undertaken three problems, v7z.: 


1. The correlation of high-school and college chemistry. 

2. The organization of associations of chemistry teachers in the various 
states. 

3. The establishment of a JOURNAL OF CHEMICAL EDUCATION. 


At the Washington meeting it was announced that the above program 
was well under way. A number of state organizations had been started 
and four issues of the JOURNAL OF CHEMICAL EpucaTION had already been 
issued. 

This committee continued more or less active until the fall of 1929 at the 
Minneapolis meeting when it was discontinued as a committee of the So- 
ciety, the work having largely been taken over by committees of the Di- 
vision devoted to special subjects. 

At the Los Angeles meeting in August, 1925, the Senate of Chemical 
Education was organized with the following objectives: 


1. To permit each state and each phase of chemical education to have 
equal representation in all educational projects carried on by the 
American Chemical Society. 

To decide upon what questions shall engage the concentrated atten- 
tion and money of the Division of Chemical Education of the 
American Chemical Society. 

Tokeep the state organizations in tune with the national organizations. 
To bring about closer coéperation between high schools, colleges, 
and industries and thereby unify the efforts of all those interested in 
chemical education. 
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5. To plan for the future development of chemical education in the 

country. 

It was voted at this meeting that the chairman of the Committee of 
Chemical Education be ex-officio chairman of the newly organized Senate. 
The members of the Senate were to be chosen by the several state organiza. 
tions of chemical education. They were to consist of a high-school teacher 
of chemistry, a college or university teacher of chemistry, and an industrial 
chemist from each state. 

The Senate has continued to function up to the present time and holds 
a meeting during each meeting of the Society for the purpose of discussing 
educational matters. Actions of the Senate are taken by letter ballots, 
At the present time the chairman and secretary of the Division are ex. 
officio the same officers in the Senate of Chemical Education. 

As has been indicated, the JOURNAL OF CHEMICAL EDUCATION was 
started during the year 1923-24. Dr. Neil E. Gordon was made editor 
and has continued as editor until the present. It may be said that the 
wonderful success of the JOURNAL is due to the untiring service given by 
Dr. Gordon. In the early days of the JouRNAL Erle M. Billings handled its 
business. As was already indicated, the business of the JOURNAL was taken 
over by The Chemical Foundation, Inc., after October, 1927, and Mr. Wm. 
W. Buffum of that organization has been the efficient business manager 
since that date. While the editorial policy and the papers accepted for 
printing in the JoURNAL are under the control of the Division, financial 
matters are handled by The Chemical Foundation, Inc. In fact the Jour- 
NAL in its present form is possible only because of the generosity of this 
Foundation. 

In this connection we should mention The Chemistry Leaflet, a publication 
which was founded by Mrs. Pauline Beery Mack at Pennsylvania State 
College. This publication made such appeal to The Chemical Founda- 
tion, Inc., that it took steps to have it taken over by the Division and 
made one of its publications. Mrs. Mack continues as editor of the 
Leaflet. These two publications are probably the outstanding accom- 
plishments of the Division at the present time. 

The Division has coéperated with the Committee of the American Chemi- 
cal Society in conducting the Prize Essay Contest which was originated and 
has been financed by Mr. and Mrs. Francis P. Garvan. This contest con- 
tinued for eight years and has done much to awaken interest in chemistry 
among high-school and college students, their parents, and their teachers. 

At the meeting in Richmond in April,-1927, the Senate recommended to 
the Council of the American Chemical Society that-an Institute for Chemi- 
cal Education be established. It also recommended the support of the 
Institute of Chemistry at Pennsylvania State College during the summer of 
1927. The Institute of Chemistry was held at Pennsylvania State College 
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that summer, and another was held at Northwestern University at Evans- 
ton, Illinois, the next summer, but the idea of establishing a permanent in- 
stitute was never adopted by the Society. The institutes which were held 
were apparently successful in every way except financially. 

The Section and Division of Chemical Education have held twenty 
meetings at which a total of 433 papers have been read by 310 different 
authors. The number of papers presented at a given meeting has varied 


from 13 to 30. 

During the history of the Division twenty-four symposia have been 
held, at least one symposium being held at each meeting except at the 
Washington meeting in April, 1924. The following is a list of the sym- 
posium subjects. 


1. New York Meeting, Sept., 1921. The First Two Years of College 
Chemistry. 

2. Birmingham Meeting, April, 1922. 1. Amn Ideal First-Year Course 
in Chemistry. 2. Chemical Engineering Education. 

3. Pittsburgh Meeting, Sept., 1922. 1. Correlation of High-School 
and College Chemistry. 2. What Chemistry Shall Be Taught in Our 
Professional Schools? 3. College Chemistry versus Industrial Chemistry. 

4. New Haven Meeting, April, 1923. 1. Research for Teachers of 
Chemistry. 2. Analytical Chemistry. 

5. Milwaukee Meeting, Sept., 1923. 1. Methods of Teaching Chem- 
istry. 2. Correlation of High-School and College Chemistry. 

6. Washington Meeting, April, 1924. (Nosymposium at this meeting.) 

7. Ithaca Meeting, Sept., 1924. Status of Chemical Education in This 
and Foreign Countries. 

8. Baltimore Meeting, April, 1925. The Electronin Chemical Education. 

9, Los Angeles Meeting, August, 1925. What Are Our Objectives in 
Teaching Chemistry? 

10. Tulsa Meeting, April, 1926. Orientation and Segregation as Applied 
to Chemical Education. 

ll. Philadelphia Meeting, Sept., 1926. International Chemical Educa- 
tion. 

12. Richmond Meeting, April, 1927. The Introductory Course in Or- 
ganic Chemistry. 

13. Detroit Meeting, Sept., 1927. The Popularization of Chemistry. 

14. St. Louis Meeting, April, 1928. The Teaching of Analytical 
Chemistry. 

15. Swampscott Meeting, Sept., 1928. The Teaching of Physical 
Chemistry. 

16. Columbus Meeting, April, 1929. Lecture Experimentation, with 
Sound-Film Lecture by Irving Langmuir. 

17. Minneapolis Meeting, Sept., 1929. Selecting the Chemist-Elect. 

18. Atlanta Meeting, April, 1930. The Relation of Cotton to Chemistry. 
19. Cincinnati Meeting, Sept., 1930. The Qualifications of Chemistry 
Teachers. 

20. Indianapolis Meeting, April, 1931. Codperation between Industry 
and Chemical Education. 








676 JOURNAL OF CHEMICAL EDUCATION APRIL, 1939 


At the present time the Division has the following committees which 
are, for the most part, doing aggressive work: 


Naming and Scope of Committees. 

Visual Aids in Chemical Education. 

Chemical Education of the Non-Collegiate Type. 
Chemical Education by Radio. 

Chemistry Libraries. 

Correlation of High-School and College Chemistry. 
Labels. 

Minimum Equipment for High-School Chemistry. 
Preparation of High-School Chemistry Teachers. 
10. Teacher Exchange. 

11. Teaching Load. 

12. Women’s Club Study Course. 

13. Pre-Medical Requirements in Chemistry. 

14. Minimum Standards. 

15. Optimum Size of Chemistry Classes. 


OOD ory 99 bo ps 


There has been no waning of interest in the work of the Division through 
all of the twenty meetings, and at present we have more committees ac- 
tively at work than at any previous time in the ten years of the history of 
the Division. 

Through the general organization and its committees the Division has 
helped to correlate high-school and college chemistry; to unify chemical 
nomenclature; to bring about a more logical arrangement of courses; to 
investigate methods of teaching, sizes of classes, and teaching loads; to 
popularize a knowledge of chemistry; to standardize laboratory apparatus; 
to further chemical interest by radio; to standardize requirements in chem- 
istry for those entering professional schools; to interest high-school stu- 
dents in the science of chemistry and its applications; to establish excellent 
chemical publications; to establish state organizations of chemists; to give 
new life and interest to all those working along chemical lines. The Di- 
vision is in the midst of active work and there is much yet to be accom- 
plished. With the continued good will and support of the chemists of the 
country still greater things are ahead. 
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Chemistry occupied the attention of the first settlers in America. At 
Jamestown the manufacture of glass and other materials was begun soon 
after the colonists landed. In New England John Winthrop, Jr., who came 
to Boston in 1631, established several chemical industries, the most im- 
portant being salt andiron. T hroughout his life he was involved in many 
chemical exploitations, and he was the forerunner of many who utilized 
chemistry in manufacturing needed substances. Winthrop was also in- 
terested in the relation of chemistry to medicine. This joint field, though 
somewhat empirical, was for many years the only one in which chemistry 
played a conspicuous réle. As a matter 
of fact the beginnings of chemical educa- 
tion in America were due to physicians. 
At first they gave private mstruction to 
prospective young doctors. Later the 
physicians, especially those who had 
studied in Europe, started medical 
schools, and it was in these schools, 
which were usually connected with well- 
established educational institutions, that 
chemistry gained its first firm foothold 
in America. In some institutions chem- 
istry was introduced as a part of the 
course in natural philosophy or natural 
history, while in a very few chemistry 
enn nee Cotinet wae age : First American chemist and forerunner 

It is my purpose in this paper to — in chemical education in America. 
give an account of the establishment of 
chemical education in America and its development to about 1820. Em- 
phasis will be laid on major factors, leaving the detailed treatment for 
another paper. 

Prior to 1820 about forty educational institutions had been established 
in America, and in over half chemistry was a part of the curriculum. 

Records of the dates when chemistry was authorized, introduced, or 
first taught in certain institutions are incomplete, and in a few cases docu- 
mentary information is lacking altogether. Hence some of the dates in this 
paper may undergo revision as authentic information is obtained. The 
date when the teaching of chemistry actually began in certain institutions 
is likewise open to verification because of doubtful or contradictory records. 





GOVERNOR JOHN WINTHROP, 
THE YOUNGER 


* Presented before the Divisions of Chemical Education and History of Chemistry 
of the A. C. S. at Buffalo, N. Y., September 1, 1931. 
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Among the forty or so colleges and universities established before 1899, 
chemistry was authorized or introduced into about half in the years stateq 
below, though in some cases the date of actual instruction is probably later: 


King’s College (later Columbia University) 
University of Pennsylvania 

College of William and Mary 

Harvard University, 

College of New Jersey (later Princeton) 
Dartmouth College 

Transylvania University 

University of Georgia 

Yale University 

Washington College (later Washington and Lee).. (probably before 1805) 
Washington and Jefferson College (1802) 1806 
Bowdoin College 

College of South Carolina 

Union College 

Brown University 

Dickinson College 

Rutgers College 

Hamilton College 

Williams College 

St. Johns College 

University of Vermont 

Georgetown University 

University of North Carolina 

Western University of Pennsylvania 
Hampden-Sidney (before 1820, but date uncertain) 


Within the next twenty years (1821-39) the roster includes about twenty- 
five more institutions. 

The list just given does not contain the name of an academy or other 
kind of secondary school. Records of the establishment of the earliest 
secondary schools are sadly incomplete, or at least this kind of historical- 
educational material has not yet been adequately culled from reliable 
sources. From available data it appears that only a few secondary schools 
were established prior to 1820, and of this small number only seven acade- 
mies gave instruction in chemistry, among them being: 


Onondaga Academy, New York 

Clinton Grammar School, New York 
Hartwick Seminary, New York 

Hassam Private Academy, North Carolina 


Within the next ten years (1821-30) about twenty more academies and 
schools were added, and by 1840 the total number was about thirty-five. 
The content of courses in chemistry, wherever given, before 1820 was 
meager, and the methods, except in a few cases, were superficial and rudi- 





Vox. 9, No. 4 CHEMICAL EDUCATION IN AMERICA 679 


mentary. One of the difficulties was the scarcity of suitable apparatus, 
practically none being available for students and the lecture apparatus 
being crude, clumsy, and mainly for 
spectacular effects. Another difficulty 
was the lack of teachable textbooks; 
prior to 1820 (1790-1819) there were 
approximately twenty-five textbooks 
of American publication—all kinds 
and all editions. * 
Still another difficulty was the 
dearth of competent teachers. These 
difficulties are not unknown at the 
present time! Some of the colleges 
and universities, however, made defi- 
nite and progressive contributions to 
chemical education. This paper is 
limited largely to the work in these 
institutions. 
Records at the College of William 
and Mary, which was established in James MapIson 


1693, are incomplete but they indi- Professor of Natural Philosophy who 
in chemistry in the 


cate that chemistry was taught there gave lectures | 
as early as 1774 by Bishop James ping ag William and Mary as early 
Madison, who was professor of natural 

philosophy and at one time president of the college. The chemistry was 
apart of his course in natural philosophy. Notes taken by several students 


* Some of these textbooks are described or mentioned in this article under Rush, 


Woodhouse, Mitchill, Spalding, Gorham, Hare, Cooper, and Silliman. Other im- 
portant titles are ‘(Chemical and Economic Essays” (1790) by John Pennington; 
“Chemical Syllabus” (1799) by John Vaughan; ‘‘Elements of Chemistry” by A. L. 
Lavoisier, trans. by Thomas Kerr (lst American edition, 1799); “‘Plain Discourses 
on the Laws and Properties of Matter; Containing the Elements or Principles of Modern 
Chemistry” (1806) by Thomas Ewell; ‘‘Lectures on the Elements of Chemistry” by 
Joseph Black (1st American edition, 1806); ‘‘Elements of Chemistry’ by M. I. A. 
Chaptal (date of Ist reprint of English translation uncertain, 4th American edition, 
1807 by James Woodhouse); ‘‘Conversations on Chemistry” by Mrs. Marcet (Ist 
American reprint, 1809, and later editions by Thomas Cooper, 1818); ‘‘Philosophy of 
Experimental Chemistry’ (1813) by James Cutbush; ‘‘System of Theoretical and Prac- 
tical Chemistry” by Frederick Accum, edited by Thomas Cooper (2nd American 
edition, 1814); ‘System of Chemistry’? by Thomas Thomson, edited by Thomas Cooper 
(ist American edition, 1818); ‘Practical Chemistry’’ (1818) by M. J. B. Orfila, trans. by 
James M. Coxe. Soon after 1820 many reprints as well as original books began to appear 
and within the next decade the total number was doubled. Additional information may 
be found in Smith’s ‘‘Old Chemistries” and in Barnard’s ‘‘American Text Books.’”’ See 
tef. (60) in Fay’s ‘History of Teaching of Chemistry,” J. CHEM. Epuc., 8, 1558 (Aug., 
1931). 
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who attended his lectures at a later date are preserved in the library at 
William and Mary, and show that lectures on chemistry were an integral 
part of the course in natural philosophy. 

Records of the establishment of chemistry at Princeton are accurate and 
complete. The first professor of chemistry there was John Maclean (j), 
(4), (12). He studied chemistry in Edinburgh (with Black), London, and 
Paris. In Paris he met Lavoisier and other French chemists and adopted 
their views. 

In 1795 he came to Philadelphia, and Benjamin Rush, at that time head 
of the faculty of the Philadelphia Medical School, learning of his enthusiasm 
for chemistry, advised him to settle at Princeton. Here he delivered a short 

course of lectures on chemistry, which 
produced such a favorable impression 
that on October 1, 1795, he was elected 
professor of chemistry and natural his. 
tory in the University. 

Maclean not only taught the doc 
trines of Lavoisier at Princeton but de- 
fended them vigorously. In 1795 he 
published ‘“Two Lectures on Combus- 
tion, Supplementary to a Course of 
Lectures, read at Nassau Hall, contain- 
ing an Examination of Dr. Priestley’s 
Considerations on the Doctrine of 
Phlogiston and the Decomposition of 
Water.”’ These lectures form an inter- 
esting chapter in the history of phlo- 
giston and show that Maclean taught 
correct chemistry. 

vat -seecpare ; For about twelve years, Maclean's 
Professor of Chemistry in Princeton . ; . : : 
University from 1795 to 1812. instruction in chemistry was given by 
lectures and experiments, without the 
use of a textbook, but upon the publication in this country of Henry's 
“Epitome of Chemistry,” edited with notes by Benjamin Silliman in 1808, 
Maclean adopted it as a textbook. 

Maclean left Princeton and went to William and Mary at Williamsburg, 

Virginia, in 1812, where he taught chemistry until his death two years later. 

The first of a group of men who taught chemistry in Philadelphia was 
Benjamin Rush (1745-1818) (1), (4), (13). He gave lectures in chemistry 
in the Philadelphia Medical School as early as 1769. Rush was the first 
professor of chemistry in America, that is, he was the first man to teach 
only chemistry from a regularly appointed position in an educational 
institution of recognized standing. (There is some evidence that James 
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Smith, M.D., was appointed to teach 

chemistry and materia medica in 

King’s College in 1767.) Rush hav- 

ing been a student of Joseph Black 

in Edinburgh for two years (1766-68) 

was highly regarded as a chemist. 

His reputation in scientific, social, 

and political circles drew attention 

to the importance and need of in- 

struction in chemistry. He was one 

of the signers of the Declaration of 

Independence, a member of Congress 

from Pennsylvania, and (in 1799) 

treasurer of the United States Mint. 

He wrote books and essays, delivered 

speeches, and was a sort of political 

and scientific dictator. His succes- BENJAMIN RusH 

sion of influential positions opened Professor of Chemistry in the Phila- 
: delphia Medical School. He gave lec- 

the way for him torender fundamental ures in chemistry as early as 1769. 


service to the struggling science of 
chemistry, and, like most of the public 


men of his time, he seldom failed to 
take prompt advantage of his oppor- 
tunities. 

Besides attracting attention to 
chemistry by his varied service, Rush 
laid a foundation stone of chemical 
education in America. This was his 
book, “‘Syllabus of a Course of Lectures 
on Chemistry,’’ which was published ° 
in 1770. Itis doubtless the first book 
of this kind written by an American 
teacher and published in this country. 
Several editions were issued and for 
many years this brief book was the 
only available American textbook in 
chemistry. 

One of the professional associates 
of Rush was Caspar Wistar (1761- 
1818) (1). He, too, was connected 
with the Philadelphia Medical School, 
dis Pace on Reed's Setiinon: Tax first as professor of chemistry in 1789 
First AMERICAN Book oF THis KIND and later (1793) as professor of anat- 
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omy. Like Rush he was an excellent 
teacher and a versatile man, espe- 
cially in science. He was long the 
vice president of the American Philo- 
sophical Society and in 1815—three 
years before his death—he succeeded 
Thomas Jefferson as its president, 
During the greater part of his career 
he had a group of literary and scien- 
tific men at his home one evening a 
week and to this gathering strangers 
of distinction who were visiting the 
city were alsoinvited. It was atone 
of these “Wistar parties’ (as they 
were called) that Joseph Priestley was 
a guest. 
Caspar WISTAR ; Rush was actually succeeded as 
Professor of Chemistry in the Philadel- : ‘ : 
phia Medical School from 1789 to 1793. Professor of chemistry in the Phila- 
delphia Medical School by James 
Hutchinson (1752-93) (1), one of his students. His work in chemistry 
was limited largely to teaching. Probably he did little or no research 
work, for his time, other than that in teaching, was consumed in organizing 
the medical corps under Washington. However, he must have attained 
proficiency in chemistry because in 1774 the trustees of the Philadelphia 
Medical School presented him with a 
gold medal ‘‘for his superior knowl- 
edge in chemistry.” 

Hutchinson died in 1793 and was 
succeeded by John Carson, who, 
however, did not live to perform his 
duties. 

We now come to a significant event 
in the history of chemical education 
in America—the arrival of Joseph 
Priestley, June 4, 1794 (1), (4), (14). 

Priestley’s presence in America was 
acceptable to most people, especially 
to the scientists. Benjamin Franklin, 
who had been friendly to him in 
England, made strenuous efforts to 
have the “honest heretic’ locate in 
Philadelphia instead of in Northum- Seiccéence’ ti: Dealt hea a 
berland. Rush recommended him for Philadelphia Medical School. 








JAMES HUTCHINSON 
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the chair of chemistry in the Phila- 
delphia Medical School. It would 
have been a lucrative position for 
Priestley, for the salary was three 
thousand dollars a year. There were 
about 200 students in the Medical 
School and 150 of them attended the 
lectures in chemistry. In a letter to 
Rush, dated November 3, 1794, 
Priestley says, “‘I cannot appear as a 
candidate, but if the place was offered 
tome, I would do my best to discharge 
the duties of it.” The minutes of a 
meeting of the trustees of the Univer- 
sity of Pennsylvania, held November 
11, 1794, contain this item: 


The Board, according to order, 
proceeded to the election of a 
professor of chemistry, in the 
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JOSEPH PRIESTLEY 
_ Declined the professorship of chem- 
istry in the Philadelphia Medical 
School in 1794. 








PRIESTLEY’S HousE AT NORTHUMBERLAND 
His laboratory was located in the small wing at the right. 
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room of Dr. John Carson, deceased, when the ballots being taken 

and counted, it appeared that Dr. Joseph Priestley was unanimously 

elected. 

But Priestley declined. In a second letter to Rush he says, among 
other things: 

On receipt of your obliging letter, I was determined to accept of 
it, and in my own mind had every arrangement for that purpose. 
But when I began to consider the difficulty and irksomeness of a 
journey to Philadelphia [from Northumberland] at the time of the 
year...my heart failed me.... 

Had this proposal been made to me before the removal of my library 
and apparatus hither, the case would have been different; but this 

being now done, at a great risk 
and expense, I am, at all events, 
fixed [in Northumberland] for 
the remainder of my life. 


It is not difficult to predict what 
would have happened to the progress 
of chemical education in America if 
Priestley had accepted this appoint- 
ment. He would have taught the 
tottering theory of phlogiston and 
impeded the advance of the new 
chemistry of Lavoisier. 

Priestley’s declination, fortunately, 
left the door open for James Wood- 
house (1), (4), (15), a young man, 
totally different from Priestley in 
temperament, outlook, and ability. 
His life, though brief, was devoted 

Peels : . solely tochemistry. He wasa teacher, 
Professor of Chemistry in the Philadelphia j : 

Medical School from 1795 to 1809. author, editor, translator, and inves- 

tigator. 

Woodhouse was born in Philadelphia in 1770, and died there in 1809. 
He entered the University of Pennsylvania in 1784, and received the degree 
of A.B. in 1787, A.M. in 1790, and M.D. in 1792. As a lad he was inter- 
ested in chemistry, and while at the University studied chemistry under 
Rush. In 1791, though still a student in the Medical School, he served 
as a surgeon in the army. 

When Rush was convinced that Priestley would not accept the appoint- 
ment as professor of chemistry in the Medical School of the University of 
Pennsylvania, he proposed the name of Woodhouse, who was elected July 
7, 1795. Later he became dean. As a brilliant experimenter, convincing 
lecturer, industrious worker, and zealous advocate of the new chemistry, he 
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APPARATUS DEVISED BY JAMES WOODHOUSE AND DESCRIBED IN HIs ““YOUNG 
CHEMIST’s PocKET COMPANION”” WHICH WAS THE FIRST AMERICAN LABORA- 
TORY MANUAL 


served the University and the growing science until his premature death in 
1809. During this time, many men attended his lectures, among them 
being two who became famous, Robert Hare and Benjamin Silliman, of 
whom we shall have more to say later. 

In 1797 Woodhouse published ‘“‘The Young Chemist’s Pocket Compan- 
ion.” This is a book of one hundred varied experiments, together with 
pictures of apparatus, including a compact set called “‘a portable labora- 
tory.” The ‘Pocket Companion’’ is much like our laboratory manuals 
of today, and was probably the first book of its kind written by an American 
and published in the United States. In 1802, he published a revision of the 
2nd London edition of Parkinson’s ‘‘Chemical Pocket Book,” adding many 
facts and incorporating pictures of his own apparatus; in 1807 a revision 
of Parkes’ ‘“Chymical Catechism,’’ which likewise contained a picture of 
the portable laboratory; and in the same year an edition (4th American) 
of Chaptal’s ‘‘Elements of Chemistry’’ to which he added voluminous 
notes. All the books put forth by Woodhouse were eagerly and favorably 
received by American chemists whose libraries were depressingly meager. 

The purely chemical work of this remarkable man covered a wide field 
and a full account has been preserved not only in his own writings but in 
Edgar F. Smith’s book, “‘James Woodhouse’”’ (15). 

During his brief life Woodhouse accomplished results which compel us 
to give him a high place among the founders and promoters of chemical 
education in America. 

Samuel L. Mitchill (1784-1831) (1), (4), (6), (16), a contemporary of 
Woodhouse, also studied chemistry with Black in Edinburgh, where he re- 
ceived the degree of M.D. in 1786. In 1792 he was appointed professor of 
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chemistry, natural history, and agri. 
culture in King’s College (later named 
Columbia University). He held this 
position for many years. He was 
also the first professor of chemistry 
in the College of Physicians and Sur. 
geons, which was chartered in 1807, 

Mitchill began at once to teach 
the new, or anti-phlogistic, chemistry, 
As a matter of fact he was one of the 
three men whose first act was to adopt 
and teach the French chemistry 
(Maclean and Spalding were the 
other two). He himself asserted with 
no lack of modesty that he ‘“‘taught 
the reformed chemistry of the French 
and unfurled the banner of Lavoisier 
PIE sooner than any other professor in 
circ Chemistry in King’s Col the United States.” He certainly ms 
and several years thereafter. among the first, and in 1794 he pub- 

lished an essay on the nomenclature of 
the new chemistry entitled ““A Synopsis of Chemical Nomenclature and 
Arrangement,’’ which was essentially a translation of a part of Lavoisier’s 
famous book on nomenclature. 

In 1797 Mitchill, with two others, founded a journal called The Medical 
Repository, and edited it for eighteen years. It was originally intended to 
be limited to medicine, but it soon became the actual repository, as its 
name implies, of all kinds of scientific articles. It was published from 1797 
until 1826. In its pages—together with the Transactions of the American 
Philosophical Society—are many of the earliest contributions on chemistry 
in this country, a conspicuous example being the controversial articles by 
Priestley on phlogiston. Mitchill’s efforts to reconcile the contestants were 
futile, but the controversy made Mitchill more secure in his position as an 
anti-phlogistonist and an expounder of the doctrines of Lavoisier in his 
lectures in the earliest days of chemistry in America. 

Mitchill was a teacher of power and ability, supplementing his lectures 
not only by experiments but also by specimens, especially minerals, from a 
chemical museum established by him soon after he began his work at 
King’s College. He was interested in all branches of science, particularly 
chemistry and mineralogy, and his versatility together with his interna- 
tional reputation as a scientist made him a powerful factor in the establish- 
ment and development of chemical education in America. 

One of the notable students of Woodhouse was Robert Hare (1), (4), 
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(5), (6), (17). He was born in Philadelphia in 1781 and died there in 1858. 
While helping his father as a lad he studied chemistry by himself, and 
later attended a course by Woodhouse—all before he was 21 years old. He 
early joined the Chemical Society of Philadelphia, to which he sent a com- 
munication in 1801 describing the discovery of the hydrostatic blowpipe, 
later called the compound, or oxyhydrogen, blowpipe. The paper was 
published in 1802. Becoming interested in electricity, he devised effective 
and improved forms of the voltaic pile long before similar ones appeared in 
Europe, invented in 1816 a powerful galvanic battery called the calorimotor, 
which produced marked heat effects, and in 1820 followed this with another 
battery called a deflagrator. In 1818 he was elected professor of chemistry 
in the Medical School of the Univer- 
sity of Pennsylvania where he re- 
mained about thirty years. Here he 
gave entertaining lectures illustrated 
by elaborate and ingenious apparatus 
mostly devised by himself. 

Hare contributed over two hun- 
dred articles to Silliman’s American 
Journal of Science, beginning in 1818 
with the first issues and continuing 
for over thirty years. He wrote sev- 
eral books on chemistry—‘‘Chemical 
Apparatus and Manipulations” 
(1836), ““Compendium of Chemistry”’ 
(1840), and ‘‘Memoir on Explosiveness 
of Niter’”’ (1850). His contributions 
are too numerous to include in this 
brief résumé. The best account of 
the life and work of Robert Hare is a Professor of Chemistry in the Medical 
portly volume by Edgar F. Smith, en- — Be Bh <n of Pennsyl- 
titled “Life of Robert Hare’’ (17). 

An intimate and lifelong friend of Hare was Benjamin Silliman (1), (3), 
(4), (5), (6), (18), (19). He was born in North Stratford, Connecticut, in 
1779, and died in New Haven in 1864. He received his A.B. from Yale 
in 1796, began to study law in 1798, became a tutor at Yale in 1799, and 
was admitted to the bar in 1802. But he did not practice law, for in 1802, 
although he had never studied chemistry, he was appointed professor of 
chemistry and natural history at Yale with the understanding that he be 
given time to qualify for the position. He obtained a list of books in chem- 
istry from Maclean of Princeton, but his private reading was not fruitful. 
So during the winters of 1802-03 and 1803-04 he went to Philadelphia pri- 
marily to listen to the lectures of Woodhouse. 
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Silliman’s sojourns in Philadelphia brought him into intimate contact 
with Woodhouse, Hare, Wistar, Priestley, and other chemists. He and 
Hare boarded at the same place and their interest was immediately mutual, 
Hare possessed what Silliman lacked, viz., skill in performing experiments, 
Moreover, inasmuch as Silliman was not altogether pleased with Wood- 
house as a man and a lecturer, he found an acceptable co-worker in Hare. 
In his autobiography, Silliman says: 

A small working laboratory was conceded to us by the indulgence of 
our hostess [landlady] Mrs. Smith, and we made use of a spare cellar 
kitchen in which we worked together in our hours of leisure from 
other pursuits. Mr. Hare had, one year before, perfected his beautiful 

invention of the oxyhydrogen 
blowpipe,....We worked much 
in making oxygen afid hydrogen 
gases. 


In another place Silliman says: 


His [Hare’s] original experi- 
ments were repeated in 1802-03 
in the presence of Priestley,... 
Silliman, Woodhouse, and others. 


In 1804 he gave a short course of 
lectures in chemistry at Yale and a full 
course in 1804-05, though the latter 
was condensed so he could go to Europe 
to buy books and apparatus. In Lon- 
don he took private lessons in experi- 

BENJAMIN SILLIMAN THE ELDER ATTHE mental chemistry of Frederick Accum 
é — 2 es and in Edinburgh he studied with 

in yg year (1818) in gee Ysitheen Thomas Hope, the successor of Black. 
founded the American Journal of Science. In England he met such distin- 
vie poe 3 try in Yale Univer-  suished scientists as William Henry, 
John Dalton, Humphry Davy, Sir 

Joseph Banks, William H. Wollaston, William Nicholson, James Watt, and 
Henry Cavendish. He also established cordial relations with John Gor- 
ham, which were continued until the early death of the latter. Upon his 
return to Yale, he resumed his teaching, added geology and mineralogy, and 
continued to teach chemistry for nearly fifty years. He was a brilliant 
lecturer, and like Hare he reveled in elaborate apparatus and striking ef- 
fects. In 1808 he gave his first series of popular lectures in science and 
continued to lecture on geology and chemistry throughout his long career. 
Silliman edited three editions of Henry’s ‘‘Elements of Chemistry”’ 
(1808-14). Later he wrote his own ‘‘Elements of Chemistry’’ (1830-31). 
His best known publication is the journal he established in 1818—the 
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American Journal of Science, called at first Silliman’s Journal; it has been 
issued without interruption up to the present day. In it were published 
many articles on chemistry and allied sciences in its early days. One fea- 
ture of the Journal made it indispensable to chemical education in America, 
viz., the abstracts of current discoveries in chemistry and other sciences. 

While the deep and broad foundations of chemistry were being laid at 
Yale and the University of Pennsylvania, other institutions were preparing 
the ground for structures to be built by a new generation. 

At Harvard Aaron Dexter (1750-1829) (1), (2), (3), (7), was professor 
of chemistry and materia medica in the Medical School from 1783 until 
1816. After graduation from Har- 
vard College in 1776, he studied medi- 
cine with Dr. Samuel Danforth, a 
physician-chemist of Boston. With 
others he established the Massachu- 
setts Medical Society. He was its 
first librarian and served the organi- 
zation effectively in many ways. He 
was one of the founders of the Harvard 
Medical School in 1782. Although 
most of his time was taken up with 
practice as a physician, he conducted 
a few investigations and devoted 
considerable time to teaching. 

Dexter laid a foundation stone of 
unusual value to chemical education 
in America. One of his intimate 
friends and patients was Major Wil- 
liam Erving, Harvard 1753. Through 
Dexter’s influence Erving in 1791 be- : emt eia) ; , 

. Adjunct Professor of Chemistry itt the 
queathed £1000 to endow a chair Medical School of Harvard Univetsity 
in Harvard College called the Erving — rate Aig ar and Erving professor 
Professorship of Chemistry and Ma- 
teria Medica—the first foundation of this kind in America. 

The Harvard Medical School increased in numbers soon after 1800, and 
in 1809 John Gorham (1), (2), (3), (4), (7) was appointed adjunct pro- 
fessor of chemistry and materia medica. In 1816, Aaron Dexter retired, 
and John Gorham succeeded him as Erving professor of chemistry and 
mineralogy. This appointment was evidently regarded as an unusual sci- 
entific event because John Adams, ex-president of the United States, wrote 
a long letter to Gorham, setting forth in grandiloquent language the oppor- 
tunities for chemists to make great discoveries and benefit humanity. 

John Gorham was born in 1783, graduated from Harvard College in 1801, 





















NATHAN SMITH 


One of the first graduates of the 
Harvard Medical School and founder 
of the Medical School of Dartmouth 
College in 1798. 


written wholly by an American and published in this country. 
dedicated to his teacher and former colleague, Aaron Dexter. 


was a standard text in chemistry for 
many years. 

Gorham’s work at Harvard exerted 
a dynamic influence on the develop- 
ment of chemical education when 
chemistry was struggling for recog- 
nition as a distinct subject worthy of 
a permanent place in American educa- 
tional institutions. 

The third man to graduate from the 
Harvard Medical School was Nathan 
Smith (1762-1829) (2), (3), (5), (6). 
He received his M.B. in 1790—the 
only graduate of this year. Subse- 
quently he was given an honorary 
M.D. by Dartmouth in 1804 and 
Harvard in 1811. Realizing the 
meager opportunities for studying 
medicine and surgery in America, he 
established a medical school in con- 
nection with Dartmouth College in 


JOURNAL OF CHEMICAL EDUCATION 








APRIL, 1939 


received his first medical degree (MB) 
in 1804, and his second (M.D) in 
1811. He went to London in 1805, 
and together with Silliman studied 
experimental chemistry, as a private 
pupil, with Accum, and later with 
Hope in Edinburgh. Each man on 
his return to America taught chemistry 
with conspicuous success—Silliman 
at Yale and Gorham at Harvard. 
Gorham was an accomplished 
teacher and exerted a marked influ. 
ence over his students. Realizing the 
need of an adequate textbook in chem- 
istry for college students, he wrote 
“Elements of Chemical Science.” It 
is in two volumes and comprises about 
1100 pages. It was published in 
1819-20, and was the first complete, 
systematic textbook in chemistry 
It was 
This book 





LYMAN SPALDING 


A graduate of the Harvard Medical 
School who gave the first course of 
lectures in chemistry in Dartmouth 
College. 
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1798. He called to his aid 
Lyman Spalding (1775-1821) 
(2), (3), (5), (6), who had studied 
chemistry with Aaron Dexter 
and received the degree of M.B. 
from Harvard in 1797. Spald- 
ing assembled the chemical ap- 
paratus and delivered the first 
course of lectures in chemistry 
at Dartmouth. Although a 
practicing physician all his life, 
he laid two foundation stones in 


the early days of chemical educa- 
tion in America. First, he sug- | TITLE PaGe oF SpaLpDING’s TRANSLATION OF 


gested iin: Slaw ot <@ | United LAVOISIER’S WORK ON NOMENCLATURE 
States Pharmacopoeia, which should have the authority of all the medical 
societies and medical schools in the country. A few states had pharma- 
copeeias, ¢. g., Massachusetts issued one in 1808 through the Massachusetts 
Medical Society, Aaron Dexter being chairman of the committee. Spald- 
ing’s plan for a national pharmacopoeia was set forth in a paper read Janu- 
ary 6, 1817. He was made a member of the publication committee, worked 
diligently on the book, and largely through his efforts the first edition of 
the Pharmacopeeia of the United States was published in Boston, December 
15, 1820. Second, in 1799, while 
teaching chemistry, he published a 
translation of the book on the new 
nomenclature recently (1797) written 
by Lavoisier and his associates—the 
third American professor of chem- 
istry to perform this service. Like 
Maclean at Princeton and Mitchill at 
King’s College, he taught the new 
chemistry at Dartmouth and started 
this institution properly on its scien- 
tific career. 
Spalding was succeeded in 1817 by 
at James Freeman Dana (1793-1827) 
(2), (3), (5), (6), who graduated from 
Harvard in 1813, served for a brief 
period as Gorham’s assistant, and went 
to London in 1815 to study experi- 
mental chemistry with Accum. Upon 
his return he was appointed assistant 











JAMES FREEMAN DANA 


Successor to Lyman Spalding in 1817 
at Dartmouth College. 
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professor of chemistry at Harvard. In 1817 he went to Dartmouth as 
lecturer in chemistry, was made professor of chemistry in 1820 and held 
this position until his premature death in 1827. Being an investigator as 
well as a skilful manipulator and trained teacher, he contributed a new 
factor to the development of chemical education in America, v1z., 
emphasis on the technical value of chemistry as a distinct subject in the 
curriculum. 

While Dartmouth was profiting by the services of this succession of men, 
chemistry was being taught at Bowdoin throughout nearly the same period 
by one man—Parker Cleaveland (1), (2), (3), (4), (5), (6), (20). He 
entered Harvard in 1795, had Aaron Dexter as his teacher of chemistry, 
and graduated in 1799. Four years later he was appointed tutor in mathe- 
matics and natural philosophy at Harvard. In 1805 he was invited to be 
professor of mathematics and natural 
philosophy at Bowdoin, which had 
been opened only three years. Some 
of his Cambridge friends objected on 
the ground “that it was wrong to 
attempt to deprive Harvard of so 
useful an instructor.’ They acqui- 
esced, however, when they were in- 
formed that “it would do much to raise 
the usefulness and reputation of that 
infantile seminary to which he was 
called.’ Cleaveland accepted. He 
began to teach chemistry at Bowdoin 
(in 1808) when he was scarcely twenty- 
five years old, and continued without 

; : ; interruption until his death (1858). 
Professor of Chemistry in Bowdoin 2 , 
College from 1808 to 1858. By accident he found some sparkling 
minerals, and failing to get satisfactory 
information about them from Chaptal’s ‘‘Chemistry’’ (the only book 
available, and still in the library at Bowdoin), he sent them to Dexter, who 
not only named them but added other specimens. This incident was the 
beginning of Cleaveland’s career as a mineralogist. He wrote a ‘Treatise 
on Mineralogy and Geology” in 1816, which made him famous the world 
over. This book is of peculiar interest to chemists because Cleaveland sup- 
ported Haiiy, the leader of the French school, in his belief that the chemical 
composition of minerals should be the basis of classification. 

When Cleaveland began his voluntary lectures in chemistry in 1808 he 
called upon Dexter for assistance in constructing furnaces and procuring 
apparatus. Subsequently he secured apparatus devised by Hare and used 
this kind, ponderous as it was, for many years. One reason Cleaveland gave 
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for declining to continue to deliver popular lectures after 1818 was the 
trouble of transporting his apparatus by an ox-team. 

In 1820 the Medical School of Bowdoin College was established and 
Cleaveland was appointed professor of chemistry and materia medica. He 
was soon made dean of the school. His classes were his first and last 
thought. His lectures were prepared with much care. It is said his ex- 
periments never failed. Stern, uncompromising, a friend of the past, a 
foe of innovation, rugged in body, precise in mind, fixed in religion, his 
pioneer labor and his continuous service of half a century exerted a whole- 
some, stabilizing influence on chemical education in America. 

Thomas Cooper (1759-1841) (1), 
(21), a graduate of University College, 
Oxford, who followed Priestley to this 
country, mainly from sympathy with 
his liberal religious and political views, 
was elected professor of chemistry, 
mineralogy, and geology at Dickinson 
College, Carlisle, Pennsylvania, in 
1811. His election was due largely 
to the support of Rush, who was a 
trustee of the College. Cooper spent 
three years at Dickinson. While 
there he delivered stirring lectures, 
and on his departure gave the College 
some apparatus originally owned by 
Priestley, among the pieces being one 
of the burning glasses used in pre- 





Tuomas COOPER 


paring gases. Cooper went to Phila- 
delphia in 1815, and the following 
year was elected professor of chem- 
istry and mineralogy in the college 
department of the University of Penn- 


Professor of Chemistry in Dickinson 
College, Carlisle, Pennsylvania, from 1811 
to 1815, in the University of Pennsylvania 
1815 to 1819, and for about one year in 
the College of South Carolina, Charleston, 
5. G. 





sylvania, where he taught three years, 

resigning in 1819 to accept an appointment as professor of chemistry, 
mineralogy, natural philosophy, and law at the University of Virginia. 
Owing to theological difficulties, he never delivered a lecture but went 
instead to the College of South Carolina, where he was professor of chemistry 
for a year before he became president of this institution. 

Cooper edited Thomas Thomson’s ‘‘System of Chemistry,’’ and several 
other textbooks in chemistry. He also edited a journal called The Em- 
porium of Arts and Sciences, an annual publication which was devoted 
mainly to a review of important discoveries in science. He was a versatile 
and vigorous, though somewhat belligerent, man, and as a teacher he 
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Taught chemistry at Burlington, 
New Jersey, from 1794 to 1807 and in 
Rutgers College from 1812 to about 
1827. 
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stimulated an interest in chemical education, particularly the necessity of 
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John Griscom (1774-1852) (22) taught chemistry in the Friends Monthly 


Meeting at Burlington, New Jersey, 
from 1794 to 1807. He then removed 
to New York City where in addition 
to being the principal of a private 
school he continued to deliver popu- 
lar lectures in chemistry. He also 
conducted courses in chemical philos- 
ophy. In 1812 he was appointed 
professor of chemistry in Rutgers 
College and held this position about 
fifteen years. Through his dynamic 
interest in all branches of chemistry, 
his wide acquaintance with chemists 
at home and abroad, and his long 
and varied work as an excellent teacher 
and lecturer, he made a unique con- 
tribution to chemical education in 
America. 

John Griscom’s varied work in 
chemical education was supported and 
supplemented by that of Amos Eaton, 
Josiah Holbrook, Chester Dewey, and 


Stephen van Rensselaer, and continued by a host of others, but the account 
of these men and their work in chemical education falls beyond the limits set 
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THE HISTORY OF CHEMICAL EDUCATION IN AMERICA 
BETWEEN THE YEARS 1820 AND 1870* 


C. A. BRowNE, U. S. DEPARTMENT OF AGRICULTURE, WASHINGTON, D. C. 


Introduction 


The interval between 1820 and 1870 may be called the great transition 
era in the history of American chemistry. It was the connecting period 
between old traditions and new developments. At its commencement 
chemistry consisted of a chaotic collection of badly assembled observations; 
at its conclusion it emerged a vigorous, well-systematized science. During 
this half-century very little was done in America toward developing the 
theoretical side of chemistry; vastly more was accomplished upon the prac- 
tical side in such subjects as the vulcanization of rubber, multiple-effect 
evaporation and anesthesia in surgery. It was natural, therefore, that 
during this period of intense development of our national resources the 
teachers of chemistry whose work we are to review should have been for the 
most part men of very practical ideals. Time is lacking to mention them 
all; we can only make a selection of a few of the more influential characters 
and from a consideration of their methods of work, their lectures, their 
laboratories, their pupils, and their public services arrive at a general pic- 
ture of this important fifty-year period in the history of chemical edu- 
cation in America. 

Indeed the outlines of this sketch could be fairly well filled in by limiting 
ourselves to the career of a single man whose life work as a great teacher of 
chemistry runs through this period like a golden thread connecting the old 
order of things with the new. This was Benjamin Silliman (1779-1864) (1), 
who exercised a wider and more lasting influence upon the history of chem- 
istry in America than any other teacher. Silliman lived until 1864 so that 
44 years of his long, eventful life fall within the period of the present sketch. 


Influence of Benjamin Silliman and His Pupils 


We can evaluate Silliman’s influence in many ways. It can be gaged by 
considering his wide acquaintance with celebrated contemporaries. In 
later years when his reputation was established he counted among his 
friends nearly all the great scientists of America and Europe. His exten- 
sive correspondence with these men would fill several volumes. Silliman’s 
letters are most human documents in which he poured out to his friends the 
inmost confidences of his heart and mind. His acquaintance and corre- 
spondence included not only scientists but authors, inventors, preachers, 
statesmen, and presidents. No greater compliment was ever paid to a 
professor of chemistry than the remark of Daniel Webster (2), while he 
was Secretary of State, to Mrs. Silliman: “Madam, if I were as rich as 


* Presented before the Divisions of Chemical Education and History of Chemistry 
of the A.C. S. at Buffalo, N. Y., September 1, 1931. 
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Mr. Astor, I tell you what I would do: I would pay your husband $20,000 
to come and sit down by me and teach me.” 

I suppose nearly every one in this audience can trace his chemical an- 
cestry through this or that teacher back to Silliman and I like to think that 
something of the liberality, benevolence, and optimism of this grand old 
teacher has descended through all his pupils and their pupils to the present 
age. Let us name a few of the men who studied with Silliman, for they 
all contributed to the advancement of chemical education in America be- 
tween 1820 and 1870. 

Amos Eaton (3) (1776-1842) studied with Silliman in 1815. He taught 
chemistry and other sciences at Williams College, Lenox Academy, the 
Medical College of Castleton, Vermont, and the Rensselaer School of 
Troy (now the Rensselaer Polytech- 
nic Institute). Eaton published his 
“Chemical Notebook” in 1821 and 
his ‘Chemical Instructor” in 1822. 
He wrote, in all, eighteen books upon 
botany, zodlogy, arithmetic, survey- 
ing, geology, agriculture, and various 
other subjects. Versatility was a 
characteristic of nearly all the teachers 
of chemistry during this early period. 
They were men of broad interests 
whose outlook was not contracted by 
the necessity of specializing. Eaton’s 
system of instruction was unique. He 
taught his students to perform experi- 
ments, a most unusual departure at 
that day, and in place of recitations cacieneuat pan wes pe scares 


had them deliver lectures to one an- 
other. For the training of science teachers I can think of nothing more 


admirable than this method of Eaton. His system worked and the pupils 
who flocked to him became leaders among the educators of their day. 
Chester Dewey (4) (1784-1867), professor of chemistry, mathematics, and 
natural philosophy at Williams College and afterward professor of chem- 
istry and natural philosophy at the University of Rochester was another 
teacher who worked with Silliman in New Haven at different times. He 
had the same broad interests in botany and other sciences as Eaton. 
Edward Hitchcock (5) (1793-1864), professor of chemistry and natural 
history and afterward president of Amherst College, belongs to the same 
group of stimulating teachers and authors. He attended Silliman’s lec- 
tures on numerous occasions. ‘‘He engaged with great industry,’’ wrote 
Silliman, “in the study of chemistry, mineralogy, and geology.’’ He was a 
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constant contributor to Silli- 
man’s Journal of Science. 
Hitchcock was an inspiring 
teacher of chemistry but his 
fame rests chiefly upon his 
contributions to geology. 
Charles Upham Shepard (6) 
(1804-86) worked as chem- 
istry assistant at Yale from 


FABRICATION AND REFINEMENT ' 
1827 to 1831 and during this 


five-year period was brought 
into the closest contact with 
Silliman. In 1834 Shepard 
was appointed professor of 
chemistry in the South 
Carolina Medical College at 
Charleston, a position which 
required his residence in the 
South for only part of the 
year. The remaining months 
he devoted to lecturing at 
other institutions and to 
studying minerals, of which 
“i : he gathered one of the finest 
collections in the United 
States. In 1844, when Pro- 
fessor Hitchcock was elected 
president of Amherst, Shepard was appointed to succeed him as professor 
of chemistry and natural history. Shepard’s manner of lecturing was very 
congenial, his delivery being in the simple narrative style. He dispensed 
with many of the formalities of teaching and was even averse to calling 
the roll. Of Silliman, his old teacher, Shepard once wrote: ‘‘He was a 
man so nearly without faults that if he had them they were so overdazzled 
by his excellencies you could not detect them. ... His manners were marked 
by the most natural dignity and nobleness. For easy, sprightly, instruc- 
tive conversation, he surpassed any man I have known.” 

Oliver Payson Hubbard (7) (1809-1900), a graduate of Yale in the class 
of 1828, also worked five years as Silliman’s assistant. In 1832 he and 
Shepard assisted Silliman in preparing, at the request of the Secretary of 
the Treasury, a ‘““Manual on the Cultivation of the Sugar Cane and the 
Fabrication and Refinement of Sugar.’’ This publication is unique in being 
the first scientific bulletin to be financed by the United States Government. 
In 1836 Hubbard was appointed professor of chemistry, mineralogy, and 
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geology at Dartmouth, a position which he held until his resignation jn 
1866. He married one of Silliman’s daughters and a few years ago I en- 
joyed the rare pleasure of visiting Professor Hubbard’s daughter, Miss 
Henrietta Hubbard (Silliman’s granddaughter), a delightful elderly lady 
who showed me portraits and other memorabilia of her father and grand- 
father while narrating reminiscences of their lives. 

These are only a few of the earlier pupils of Silliman who carried his mes- 
sage to all parts of the country. Other men of equal prominence came 
under his training in the thirties and forties and even down into the fifties 

for it was not until 1855 that this great 
educator resigned his professorship at 
Yale. 


Silliman’s Popular Chemical Lec- 
tures (8) 


Silliman’s influence as a teacher and 
popularizer of chemistry was not con- 
fined, however, to college circles. In 
1834 he began to give public lectures 
upon chemistry and geology in various 
cities of the United States and these 


proved to be so popular that this call 

upon his time and energy continued 

actively for more than twenty years. 

Boston, New York, Philadelphia, 

Pittsburgh, Baltimore, Lowell, Hart- 

Courtesy A. J. Hill ford, Salem, New Orleans, Mobile, 

BENJAMIN SILLIMAN THE ELDERIN = and Natchez were among the cities 


LATER LIFE : 
where he delivered lectures. In 1852 


he lectured before the Smithsonian Institution and in 1855 at the age of 
seventy-six made a long journey to lecture at St. Louis. These popular 
scientific lectures reached thousands of people and Silliman could count 
among his audiences presidents, statesmen, judges, and all the leading 
men and women of the day. He probably exercised a wider influence by 
these lectures than by his teaching at Yale. It is impossible to tell how 
many young boys in his audiences received from him their first inspiration 
to take up the study of chemistry. Josiah P. Cooke, professor of chemistry 
at Harvard University for over forty years, has recorded that he acquired 
his first taste for chemistry, when a mere. boy, by listening to one of Silli- 
man’s lectures before the Lowell Institute. Silliman made use of interest- 
ing experiments and these, coupled with his natural enthusiasm, animation, 
and spirited delivery, gave him a reputation as a popular lecturer such as 
no other American chemist has acquired. 
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The Itinerant Chemical Lecturers 


The brilliant success of Silliman’s public chemical lectures had a peculiar 
result in bringing forth a host of imitators, who as itinerant chemical lec- 
turers traveled about the country giving showy demonstrations with star- 
tling experiments before institutes, lyceums, Sunday schools, cattle shows, 
and other miscellaneous audiences. 

Some of these itinerant lecturers were men of low attainments; others 
were well educated and exerted a good influence in the movement to 
popularize chemistry. The sensational element, however, was stressed by 
allof them. Asa representative of the better class of this type of chemical 
educator we may mention Professor W. A. Richards, M.A., Ph.D., who 
lectured in the fifties and sixties. One of Richards’ posters announces, 
a lecture upon ““The Wonders of the Air with Many Dazzling Experiments.” 
Among the experiments listed were the following: The Rekindled Light; 
Making Air; Lava from Air; Lava from Ice; a Hissing Globe; Blue 
Light; Absorption from Air; Analysis of Air; Lake of Fire; Cannon Fired 
by an Icicle; Sun Flamer; the Meteoric Sphere; Phosphoric Glow or Mock 
Sun; Blowing Hot and Cold; A Flash of Lightning; Ice Volcanoes; 
Pillar of Salt; Sparks from Gold; Electric Flames; Sheet Lightning; 
House Struck by Lightning and Set on Fire; The Safety Lamp; Grand 
Display of Geisler’s Tubes; and many others of the same sensational type. 
One of Richards’ experiments which excited great wonder was converting 
a bottle of beer into a barrel full. A bottle of beer was uncorked and 
placed upon the bottom of a tall glass cylinder eight feet high. When the 
air was exhausted from the cylinder the beer, which was heavily charged, 
frothed out of the bottle, the foam filling the entire space. Professor Wal- 
lace Goold Levison whe taught chemistry at Cooper Union during the 
seventies, heard Richards lecture when he was a young boy and his mind 
was so kindled that he resolved then and there to become a chemist. He 
bought several pieces of apparatus from Richards and after a little private 
practice began to lecture himself before schools and societies. I was shown 
a poster of one of these juvenile efforts delivered in 1866 when he was only 
twenty years of age. These incidents are illustrative of the zeal and 
venturesome spirit of the boys of that period. 


Influence of Medical Schools on Chemical Education 


Silliman, however, was only one of many influences that were shaping 
the history of chemical education between the years 1820 and 1870. Yale, 
Amherst, Williams, Dartmouth, and many other colleges where Silliman’s 
pupils were spreading his message were institutions of the broadest educa- 
tional type where general culture was the aim rather than specialization. 
But there was another type of institution with exactly opposite ideals that 
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had a most potent influ- 
ence upon the history of 
chemical education dur- 
ing this period. This 
was the Medical School, 
Eliminate the work of 
America’s early chemist- 
physicians and the re- 
mainder of her contri- 
butions to the advance- 
ment of our science be- 
comes pitifully small. 


The Founders of the 
Rutgers Medical 
School (9) 


In April, 1826, Drs. 
Samuel L. Mitchill and 
William J. Macneven, 
both noted names in the 
annals of American chem- 
istry, joined with Drs. 
David Hosack, Valentine 








Mott, and John Francis 
in seceding from the Col- 
lege of Physicians and 
Surgeons because of their 
objection to the trustees 
intermeddling with examinations, infringing the rights of the college charter, 
and stirring up dissension among the students. Chemistry professors of 
America have participated in a number of academic quarrels but I doubt if 
any of them aroused quite so much excitement as this one in 1826. The 
public clamor over the resignation of these professors, all eminent men, 
had scarcely died when the uproar was again started by the announcement 
that the seceding professors had organized a rival institution, the Rutgers 
Medical College, on Duane Street, New York, which was opened with for- 
mal exercises on November 6, 1826. Dr. David Hosack was elected presi- 
dent of this new medical faculty of Rutgers College, Dr. Samuel L. Mitchill 
became vice-president, Dr. William J. Macneven became professor of thera- 
peutics, and John Griscom, LL.D., became professor of chemistry. Mitchill, 
Macneven, and Griscom constituted a chemical triumvirate of which no 
American institution of that time could claim the equal. We can, there- 
fore, very appropriately devote a few paragraphs to these men although the 
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Duane Street Medical School itself was short-lived, being abolished in 1830 


by legislative action. 

The life of Samuel Mitchill (10) 
has been so beautifully portrayed by 
Professor Edgar F. Smith, in one of 
his inimitable monographs, that we 
will only refer in passing to his sketch, 
which was delivered as the Chandler 
lecture at Columbia University in 
1922. 

With regard to Dr. William Mac- 
neven (11) (1763-1841) it has seemed 
to me remarkable that no one of the 
present generation of chemists in New 
York City has been attracted to write 
his biography. Is it, perhaps, be- 
cause so many members of our New 
York section were not born in New 
York and so have very little interest 
in the chemical past of a city which 





Courtesy L. C. Newell 


SAMUEL L. MITCHILL 








is replete with interest? Macneven’s contemporaries, at least, had a high 
opinion of his attainments and erected to his memory a lofty monument 
which still stands in St. Paul’s Churchyard on lower Broadway with in- 





Edgar Fahs Smith Memorial 
lection, University 
of Pennsylvania 


WILLIAM MACNEVEN 


scriptions in English, Latin, and 
Gaelic. The memorial of no other 
American chemist is passed daily by 
so many people, and we may add no 
other teacher of chemistry in America 
has had so romantic a career as Mac- 
neven. He was born in Ireland, edu- 
cated in Germany, and received his 
medical degree in Vienna. Becoming 
afterward involved with other Irish pa- 
triots in the political turmoils of Ireland 
he fled for safety to the United States 
where he spent the remainder of his 
life teaching chemistry and materia 
medica, and practicing medicine. I 
fancy it was the independent, rebellious 
spirit of this old fighter that led him 
to take a leading part in the quarrel 
which disrupted the faculty of the 
College of Physicians and Surgeons in 
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1826. As to his chemical work Macneven is to be chiefly remembered for 
his early recognition of the importance of the atomic theory, of which he 
gave an exposition in Thomson’s Annals of Philosophy for 1820. He also 
published in 1821 an American edition of Brande’s “Manual of Chemistry,” 
a second edition of which appeared in 1826. It held for many years a lead- 
ing place among the chemical textbooks used in the United States. 

The life of John Griscom (12) (1774-1852), third upon the list of eminent 
chemists who helped organize Rutgers Medical College, has been so re- 
cently told by Professor Edgar F. Smith and by Professor F. B. Dains that it 
would be superfluous to add more to their interesting sketches. Dr. John 
Francis, a colleague on the Rutgers Faculty, once said of him: ‘‘For thirty 
years Dr. Griscom was the acknowl- 
edged head of all other teachers of 
chemistry among us (7. ¢., in New 
York) and he kept pace with the flood 
of light which Davy, Murray, Gay- 

Lussac, Thénard, and others shed on 
the progress of chemical philosophy 
at that day.” 


Dr. John Gorham (13) and Dr. John 


Webster (1/4) at Harvard College 


Among the famous doctors of 
medicine who exerted an influence 
upon chemical education in America 
we must not omit the name of Dr. John 
Gorham (1783-1829), Erving profes- 
sor of chemistry at Harvard from 1816 
until 1827. His two-volume book Dr. Joun Gorwam 
upon ‘“The Elements of Chemical Sci- This cut was prepared from a photo- 
ence,” published in 1819, received a Br eden Pete Smith. to the author by 
most favorable notice from Silliman 
in his Journal for 1822. It was characterized by Professor Smith in his 
delightful volume upon ‘‘Old Chemistries’’ as ‘‘A Treasure in the Chemical 
Literature of America.’ It was written purely as a student’s guide and it 
is worth noting that it influenced no less a person than Ralph Waldo Emer- 
son (15) to take up for a time the study and teaching of chemistry in the 
early eighteen twenties. 

Gorham was succeeded as Erving professor of chemistry at Harvard by 
another M.D., Dr. John W. Webster, whose ‘‘Manual of Chemistry’’ was 
first brought out in 1826 and had a successful run for over twenty years. 
The first edition of Webster’s book, like that of Macneven, was based upon 
the manual of Brande. In its enlarged 1839 edition we notice a full pres- 
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entation of the symbols of the elements, with formulas and equations, ac. 
cording to the system of Berzelius. The developments of this great re. 
form, through their various transitional modifications, are clearly set forth 
in Webster’s book which marked an important advance in our system of 
chemical education. 

Webster was also professor of chemistry at the Massachusetts Medical 
College in the laboratory of which on November 23, 1849, he killed his 
former friend, Dr. George Parkman, in the heat of an angry quarrel. He 
was tried and paid the penalty for his crime, the execution taking place 
on August 30, 1850. Professor Smith discussed this celebrated case at 
one time before our history section and was of the opinion that had 

Webster confessed the circumstances 
at the time of the murder he would 
have escaped the sentence of death. 


Dr. Robert Hare (16) at the Medical 
School of the University of 
Pennsylvania 


The greatest chemist among the 
early teachers of this period was Dr. 
Robert Hare (1781-1858) of whom 
a very complete biography has been 
written by Professor Smith. He was 
appointed professor of chemistry at 
the Medical School of the University 
of Pennsylvania in 1818 and occupied 
this chair until his resignation in 1847. 
As a manipulator and demonstrator 
he stood without a peer. He prepared 
his lecture experiments with great 
care and upon a scale of magnitude hitherto not attempted in America. 
Hare invented many new forms of chemical apparatus both for research and 
demonstration, of which his oxyhydrogen blowpipe and deflagrator may be 
cited as examples. The description and illustration of Hare’s lecture-room 
laboratory as given in Silliman’s American Journal of Science for January, 
1831, pp. 26-8, are herewith reproduced: 


Courtesy L. C. Newell 
Dr. ROBERT HARE 


The hearth, behind the table, is thirty-six feet wide, and twenty feet 
deep. On the left, which is to the south, is a scullery supplied with 
river water by a communication with the pipes proceeding from the 
public water works, and furnished with a sink and a boiler. Over 
the scullery is a small room of about twelve feet square, used as a 
study. In front of the scullery and study are glass cases for apparatus. 
On the right of the hearth two other similar cases, one above the other, 
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may be observed. Behind the lower one of these is the forge room, 
about twelve feet square; and north of the forge room, are two fire- 
proof rooms communicating with each other, eleven feet square each; 
the one for a lathe, the other for a carpenter’s bench, and a vise bench. 
The two last mentioned rooms, are surmounted by groined arches, 
in order to render them secure against fire; and the whole suite of 
rooms which I have described, together with the hearth, are supported 
by seven arches of masonry, about twelve feet each in span. Over 
the forge room is a store room, and over the lathe and bench rooms is 
one room of about twenty by twelve feet. In this room there is a fine 
lathe, and tools. 

The space partially visible to the right is divided by a floor into two 
apartments lighted by four windows. The lower one is employed to 
hold galvanic apparatus, the upper one for shelves, and tables, for ap- 
paratus, and agents, not indaily use. In front of the floor just alluded 
to is a gallery for visitors. 

The canopy over the hearth is nearly covered with shelves for 
apparatus, which will bear exposure to air and dust, especially glass. 
In the center of the hearth there is a stack of brick work for a blast 
furnace, the blast being produced by means of very large bellows 
situated under one of the arches supporting the hearth. The bellows 
are wrought by means of the lever represented in the engraving, 
and a rod descending from it through a circular opening in the masonry. 

There are two other stacks of brick work on the hearth against the 
wall. In one there is a coal grate which heats a flat sand bath, in the 
other there is a similar grate for heating two circular sand baths, 
or an alembic. In this stack there is likewise a powerful air furnace. 
In both of the stacks last mentioned, there are evaporating ovens. 

The laboratory is heated not only by one or both of the grates al- 
ready mentioned, but also by stoves in the arches beneath the hearth, 
one of these is included in a chamber of brick work. The chamber re- 
ceives a supply of fresh air through a flue terminating in an aperture 
in the external wall of the building, and the air after being heated 
passes into the laboratory at fifteen apertures, distributed over a space 
of thirty feet. Twelve of these apertures are in front of the table, be- 
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This picture shows the old College Hall (left) and Medical Hall (right) of the Univer- 
sity of Pennsylvania at Ninth and Chestnut Streets, Philadelphia, which site the Uni- 
versity occupied from 1829 to 1871. The U. S. Post Office now occupies this site. 


ing four inches square, covered by punched sheet iron. In the hearth 
there is one large aperture of about twelve by eighteen, covered by a 
cast iron plate full of holes, the rest are under the table. By these 
means the hot air is, at its entrance, so much diluted with the air of 
the room, that an unusually equable temperature is produced, there 
being rarely more than two degrees of Fahrenheit difference between 
the temperature in the upper and in the lower part of the lecture room. 
There are some smaller windows to the south, besides those repre- 
sented in the engraving. One of these is in the upper story, from which 
the rays enter at the square aperture in the ceiling over the table on 
the right. Besides these, are the windows represented in the engrav- 
ing back of the hearth, and four others in the apartments to the north 
of the gallery.. All the windows have shutters, so constructed as to be 
closed and opened with facility. Those which belong to the principal 
windows are hung like sashes with weights, so that they ascend as soon 
as loosened, and when the light is again to be admitted, are easily 
pulled down by cords and fastened. In addition to the accommoda- 
tion already mentioned, there is a large irregular room under the 
floor of the lecture room on the eastern side. This is used as a place 
to stow a number of cumbrous and unsightly articles, which are never- 
theless, of a nature to be very useful at times. Also for such pur- 
poses, and for containing fuel, there is a spacious cellar under the 
lecture room and laboratory. 


This laboratory of a century ago was so impressive both for size and ex- 
cellence of equipment that it may well serve as a model for this period in the 
history of American chemical education. 
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Hare was not altogether satisfied 
with the new nomenclature of Berze- 
fiusand in Silliman’s Journal for 1835 
published his objections with a pro- 
posalforasubstitute. This contribu- 
tion drew forth a reply from Berzelius 
upon which Hare made further com- 
ments. This interesting episode of 
nearly a century ago shows a dawning 
spirit of independence among the 
chemistry teachers of America who 
hitherto had been for the most part 
rather subservient to European ideas. 
Hare’s ‘“Compendium of the Course of 
Chemical Instruction in the Medical 
Department of the University of Penn- 
sylvania’”” was a masterful treatise, 
well worthy of the honor in which it 
was held by the chemists of his day. Pee EE: 

Hare and Silliman were the closest Ce ee 

Dr. JOHN TORREY 


of friends from the time when they 
first met in 1802 until Hare’s death in 1858. Silliman’s correspondence 


with Hare, Griscom, Hitchcock, and other chemists of his time deserves to 
be published as it gives a most intimate picture of a long, important period 
in the history of American chemistry. 
Dr. John Torrey (17) as Teacher, Botanist, and Assayer 

A most unique figure in the group of American medical graduates, who 
became chemistry teachers, was Dr. John Torrey (1796-1873). He took 
his degree at the College of Physicians and Surgeons in 1818 and in 1824 ac- 
cepted a professorship of chemistry at the U. S. Military School at West 
Point. He resigned this position in 1827 to accept a similar professorship 
at the College of Physicians and Surgeons where he remained for twenty- 
seven years, being also for a part of this time professor of chemistry at 
Princeton. In 1854 he gave up teaching chemistry to become superinten- 
dent of the U. S. Assay Office in New York, a position which he held until 
his death in 1873. Torrey’s whole life was occupied in the teaching and 
practice of chemistry, yet his chief scientific work was in the field of botany 
in which he won an international reputation. He is a good example of 
the versatility which characterized the chemists of his period. 


Dr. John W. Draper (18) at the University of New York 


The most brilliant example of this trait of versatility is afforded by the 
career of Dr. John W. Draper (1811-82), first president of the American 
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Chemical Society, and noted as chemist, physicist, physiologist, teacher, 
scholar, and author. He was born near Liverpool, England, in 1811 and 
emigrated to America in 1832, He 
graduated in medicine at the Uni. 
versity of Pennsylvania in 1836 and 
in the following year was appointed 
professor of chemistry at the Univer- 
sity of New York where he continued 
to lecture until 1881. Draper was a 
prolific investigator and made note- 
worthy contributions in the fields of 
chemistry, physics, and physiology. 
His paper of 1840 upon ‘‘The Taking 
of Portraits from the Life by the 
Daguerreotype”’ contains the first 
account of the successful photography 
of the human face. He was also the 
Ts first to photograph the moon and the 
Courtesy L. C. Newell solar spectrum. Draper published his 
Dr. Joun W. Draper ‘Textbook on Chemistry” in 1846. 
He wrote also textbooks on ‘Natural 
Philosophy”’ (1847) and ‘“‘Physiology”’ (1866). His ‘History of the Intel- 
lectual Development of Europe” (1862), ‘‘History of the American Civil 
War’ (1867-70), and ‘“‘History of the Conflict between Religion and 
Science’ (1874) are cited only as evidences of the breadth of his culture 
and intellectual activities. Draper is 
the outstanding example of wide schol- 
arship in the history of American 
chemistry. 


Dr. James B. Rogers (19) and His 
Famous Brothers 


Another medical graduate whom we 
must include in our list of noted 
chemists is Dr. James Blythe Rogers 
(1802-52), who obtained his degree 
as doctor of medicine from the Univer- 
sity of Maryland in 1822. He wasa 
member of the famous Rogers family, 
his father and three brothers all be- 
coming distinguished in science. Of 
the four brothers, Professor William ees 
Barton Rogers (1804-82), founder of Wituram B. RocERS 
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the Massachusetts Institute of Technology, was the best known. Dr. 
James Rogers was professor of chemistry successively at the Washington 
Medical College, the Cincinnati Medical College, and The Franklin Insti- 
tute. In 1847 he succeeded Robert Hare as professor of chemistry at the 
Medical College of the University of Pennsylvania, where he remained until 
his death in 1852. He was a most lovable man and was held in the greatest 
affection by his students. In collaboration with his brother Robert, who 
succeeded him as professor of chemistry at the University of Pennsylvania 
Medical College, he compiled a ‘‘Text Book on Chemistry,’ which was 


published in 1846. 
Other Medical Graduates as Teachers of Chemistry 


Among other well-known medical graduates who played an important 
part as chemistry teachers during this 
period may be mentioned Dr. Gerard 
Troost (20) (1776-1850), professor of 
chemistry at the University of Nash- 
ville from 1828 until his death in 1850; 
Dr. Jacob Green (21) (1790-1841), 
professor of chemistry at the Jefferson 
Medical College of Philadelphia from 
1822 until his death in 1841; Dr. 
Franklin Bache (22) (1792-1864), 
professor of chemistry at the Phila- 
delphia College of Pharmacy and later 
at the Jefferson Medical College; Dr. 
John Patten Emmet (23) (1797-1842), 
professor of chemistry at the Uni- 
versity of Virginia from 1824 until 
his death in 1842; Dr. Lewis C. Beck 
(24) (1798-1853), professor of chem- 
istry at Rutgers College, the University of New York, and the Albany 
Medical College; Dr. Robert Peter (25) (1805-94), professor of chemistry 
from 1832 to 1856 at Transylvania University, Lexington, Ky.; Dr. Robert 
Bridges (26) (1806-82), professor of chemistry at the Philadelphia College 
of Pharmacy from 1842 to 1879; Dr. Silas H. Douglass (1816-90), pro- 
fessor of chemistry at the University of Michigan from 1844 to 1877; Dr. 
Robert C. Kedzie (27) (1823-1902), professor of chemistry at the Michi- 
gan Agricultural College from 1863 to 1902; Dr. R. Ogden Doremus (28) 
(1824-1906), professor of chemistry, and afterward vice president of the 
College of the City of New York, from 1851 to 1903; Dr. John Redman 
Coxe (29) (1773-1864), professor at the Medical School of the University 
of Pennsylvania; Dr. Theodore G. Wormley (30) (1826-97), professor of 
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THE CHEMICAL APPARATUS AND SCIENTIFIC 
INSTRUMENT SUPPLY HOUSE OF BENJAMIN 
PIKE, Jr., AT 294 Broapway, NEw York 
City, aS Ir APPEARED ABOUT 1846 

(From an old wood cut) 


Pike furnished many colleges of this period 
with apparatus. The supply houses of 
Chamberlain and of Wightman in Boston 
also sold chemicals and apparatus to colleges. 
It was only after 1830 that domestic dealers 
of chemicals and apparatus began to come 
into prominence. The story of this develop- 
ment deserves to be written up as a part 
of the history of chemical education in 
America. 








chemistry at the Sterling Medi. 
cal College of Columbus, Ohio, 
from 1854 to 1877 and from 
1877 to 1897 at the Medical 
School of the University of 
Pennsylvania; and many others 
whom lack of space prevents us 
from mentioning. 

This account of the influences 
of medical graduates and of 
medical schools upon chemical 
education in America could be 
greatly extended. Some of the 
eminent chemists to be men- 
tioned later in this sketch, as J, 
L. Smith and Wolcott Gibbs, 
were also doctors of medicine. 
Many students also who started 
out to become physicians but 
did not graduate as such, ob- 
tained their first inspiration to 
follow chemistry from their un- 
finished medicalstudies. Among 
these should be mentioned 
William W. Mather (31) (1804- 
59), who was professor of chem- 
istry at the University of Loui- 
siana and at Ohio University, 
where he was also for a time 
acting-president. 


The Beginnings of Laboratory 
Instruction in Chemistry 


Of actual laboratory instruc- 
tion the students of chemistry in 
the early part of the period 
which I am describing saw very 


little. They witnessed the experiments performed in the lecture room, but 


were not permitted themselves to handle apparatus. 


In this connection 


the elder Silliman (32), once remarked, ‘“‘Many times I have said to those 
who as novices have offered aid to me that they might come and see what 
we were doing, and I should much prefer that they should do nothing; for 
then they would not hinder me and my trained assistants, nor derange nor 
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break the apparatus.’’ This was a condition which existed not only at Yale 
but at every college in the United States and the situation was only very 
slowly corrected. Of experiments in general chemistry, of qualitative and 
quantitative analysis, of inorganic and organic preparations, or of experience 
in industrial operations the American college students of a hundred years ago 
obtained practically nothing except in those rare cases where they were so 
fortunate as to be selected as private pupils or assistants. College presi- 
dents for a long time were very loath to equip laboratories where students 
could work. Professor Ira Remsen once told me that when he went to 
teach at Williams in 1872 he found no provisions for laboratory instruction. 
When he suggested the installation of a few desks and other equipment for 
this purpose to the president he was rebuffed by the statement that he mis- 
understood entirely the purposes of Williams College if he intended to con- 
vert it into a manual training school. 
A general wide-spread realization of 
the importance of laboratory instruc- 
tion in chemistry in the curricula 
of our American colleges did not come 
about until after 1870. 


Private Laboratories as Schools of 
Chemistry 


Privately owned laboratories offered 
one of the best openings to the stu- 
dents of a century ago who desired 
to become familiar with methods of 
chemical analysis. There were several 
such laboratories, but two of them 
in particular deserve mention for the 
leading part which they played in 
educating young men in branches of chemistry that were neglected by the 
colleges. These were the private laboratories of Dr. Charles Thomas Jackson 
(33) (1805-80) of Boston and of Dr. James Curtis Booth (34) (1810-88) 
of Philadelphia, both of which were opened in the same year of 1836. 

Dr. Jackson was a man of wonderful versatility who won equal distinc- 
tion in the fields of chemistry, geology, and medicine. He made the 
first geological and agricultural surveys of the states of Maine, Rhode Island, 
and New Hampshire, all the samples of minerals and soils collected in this 
work being analyzed in his laboratory; he was chemical expert in many 
celebrated cases, performing analyses and giving testimony, for example, 
in the famous trial of Prof. John Webster; he was first to make a chemical 
study of sorghum and to call attention to the vast economic possibilities 
of cotton seed; he was the first to observe the occurrence of tellurium and 





Bull. 109, U. S. Nat. Museum 
Dr. CHARLES THOMAS JACKSON 
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selenium in America and the first to detect the presence of chlorine jp 
meteorites; he made the first experiments in his laboratories upon anes. 
thesia by means of ether, the effects 
of which were tried out upon himself 
and his pupils. Among the latter was 
Dr. W. T. G. Morton who employed 
Jackson’s anesthetic in dental opera- 
tions and in the famous surgical dem- 
onstration at the Massachusetts Gen- 
eral Hospital in Boston in 1847. It 
can be seen that for variety of experi- 
ence in the practical applications of 
chemistry Dr. Jackson’s laboratory 
offered exceptional advantages. Wil- 
liam Channing, John Blake, Joseph 
Peabody, Richard Crossley, Benjamin 
Silliman, Jr., and many other chemists 
of eighty years ago received training in 
Dr. Jackson’s laboratory. 
In the private laboratory of Drs. 
tee saad Unieonts of es C. Booth and Martin H. Boyé 
ee ee james : ? y 
pana ee ae (35) in Philadelphia, equal opportuni- 
ties for practical laboratory instruction 
in chemistry were offered. Booth was one of the first American chemists 
to seek instruction in Germany, hav- 
ing worked with Wohler at Cassel in 
1833. He was the first chemist in 
the United States to employ the 
polariscope for the testing of sugar; he 
investigated the production of gelatin; 
made studies of the ores of iron, nickel, 
and other metals; served as melter 
and refiner of the U. S. Mint at Phila- 
delphia; and acted as consultant and 
analyst for many chemical industries. 
The young chemists who worked 
under his direction had exceptional 
opportunities to familiarize them- 
selves with the operations of industrial 
chemistry. Robert E. Rogers, Camp- 
bell Morfit, Clarence Morfit, Thomas 
H. Garrett, Charles M. Wetherill, Courtesy LC. Newell 
John F. Frazer, and many other young Martin H. Boye 
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chemists, who afterward won distinction, obtained certificates of profi- 
ciency for the work which they did in the private laboratory of Doctors 


Booth and Boyé. 


The Yale Scientific School 


The credit for establishing the first 
regular laboratory courses in chemical 
analysis at an American college be- 
longs undoubtedly to Benjamin Silli- 
man, Jr. (36) (1816-85). In 1842 the 
younger Silliman, while assistant to 
his father at Yale, fitted up a small 
laboratory in which daily instruction 
was given in experimental and ana- 
lytical chemistry. This course was op- 
tional and the students were not even 
recognized as members of the college. 
Among the earliest to take this course 
were T. Sterry Hunt (37), whose 
name afterward became famous in the 
annals of American chemistry, and 
John Pitkin Norton (38) who through the influence of Liebig’s writings was 
interested chiefly in the application of chemistry to agriculture. The 
younger Silliman (39) encouraged Norton in this pursuit and to this small 

beginning may be traced the whole 
subsequent development of the teach- 
ing of agricultural chemistry in the 
United States. Silliman made it pos- 
sible for Norton to continue his 
studies abroad under Johnston in 
Edinburgh and Mulder in Utrecht. 
Stimulated by the efforts of his son 
the elder Silliman prevailed upon the 
college corporation to establish a 
School of Science in which the younger 
Silliman was appointed professor of 
technical chemistry and J. P. Norton, 
professor of agricultural chemistry. 
These were the first special chemical 
appointments of this practical type to 
be made in the United States. 
In 1847 the “Yale Analytical Labo- 
JouN Pitkin Norton” - ratory” (40), as it was first called, 


BENJAMIN SILLIMAN, JR. 
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Courtesy of E. M. Bailey, New Haven, Connecticut 
YALE ANALYTICAL LABORATORY IN 1847 


opened its doors to students. There were no endowments of money and, 
to quote from the narrative of the younger Silliman, the work ‘‘was carried 
on for some years exclusively at the 
personal charge of the two professors, 
who not only paid their own salaries, 
but furnished the laboratories, li- 
brary, apparatus, and collections, and 
even paid a rent to the academical 
department for the use of the old 
presidential house, which they had 
also paid for fitting up for the use of 
the school.’’ This example of self- 
sacrifice and devotion to the cause 
of chemical education should fill the 
heart of every American chemist 
with mingled feelings of humility 
and pride. 
The new school which was thus 
struggling for existence was fortu- 
nate in attracting the attention and SAMUEL WILLIAM JOHNSON 
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Courtesy Arthur B, Lamb 
LAWRENCE SCIENTIFIC SCHOOL ABOUT 1865 


patronage of Joseph E. Sheffield, in recognition of whose benefactions the 
institution was afterward named the Sheffield Scientific School of Yale 
College. 

The Sheffield School almost at the very start suffered a most serious loss 
in the death of Professor Norton who passed away in 1852 at the early age 
of thirty years. His mantle fell upon a most worthy pupil, Samuel W. 
Johnson (41) (1830-1909), who afterward succeeded him as professor of 
agricultural chemistry at Yale. Professor Johnson was a leader in the 
field of agricultural chemical education and research, his two books ‘“‘How 
Crops Grow” (1868) and ‘“‘How Crops Feed’’ (1870) having served for the 
training of students in many lands. William H. Brewer (42) (1828-1910) 
and a long line of other famous chemists acquired their early training at the 
Yale Scientific School. 


The Lawrence Scientific School (43) 


In the same year as the foundation of the Yale Scientific School, Mr. 
Abbott Lawrence made an endowment of $50,000 for the establishment of 
a similar institution in Boston. This was known as the ‘Lawrence 
Scientific School,’’ afterward-affiliated with Harvard, of which the first 
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director was Professor Eben N. Horsford (44) (1818-93), who had just te. 
turned from his laboratory training at Giessen under Liebig. Many 
chemists went out from under the training of Professor Horsford who ex. 
erted a great influence upon the development of chemistry in the United 
States. His diversified activities of teacher, chemical manufacturer, and 
antiquarian brought him widely before the public notice. 


The American Experiences of Johannes Wislicenus (44a) 


Among the early associates of Professor Horsford must be mentioned 
Johannes Wislicenus (1835-1902), whose father in 1853 had been obliged 
to flee from Germany to the United States with other political refugees, 
Wislicenus worked as private assistant to Horsford from March 7 to 
June 23, 1854, at making iron analyses and doing other routine work for 
which he received six dollars a week. He then followed his parents to 
New York and lectured there upon chemistry before the Mechanics In- 
stitute in whose building he conducted a private laboratory where he 
received students for practical instruction. Wislicenus was not happy in 
his American surroundings and returned in May, 1856, with his family to 
Europe where he won subsequent fame as a great teacher of chemistry. 
He kept a diary of his period of life in America and a transcript of these 
experiences, if the diary could be found, would be most worthy of pub- 
lication. 


German Influences upon Chemical Education in America 
THE PupPlILs oF LIEBIG 


Professor Horsford was among the first of a long line of famous American 
teachers of chemistry to study under Liebig. Previous to 1840, in the 
eventful days of Dumas, Gay-Lussac, Thénard, Pelouze, and other noted 
French chemists, the trend of American chemistry students who went 
abroad for postgraduate study was usually toward Paris. But after 1840, 
following the publication of Liebig’s epoch-making volume ‘‘Chemistry in 
Its Applications to Agriculture and Physiology,” the tide of American 
chemistry students turned more from Paris to Giessen. Among some of 
the more noted American chemistry teachers who studied under Liebig 
the following names may be mentioned in addition to Eben N. Horsford. 

J. Lawrence Smith (45) (1818-83) studied first at Paris and then under 
Liebig in the early forties. Upon returning to America he was professor 
of chemistry, first at the University of Virginia and then after 1854 at the 
Medical School of the University of Louisville. 

Frederick A. Genth (46) (1820-93) studied at Heidelberg and then under 
Liebig at about the same time as J. L. Smith. He took his doctor’s degree 
under Bunsen at Marburg. He was born in Germany and came to America 
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Some PupILs oF LIEBIG WHO CONTRIBUTED TO THE DEVELOPMENT OF CHEMICAL EDU- 
CATION IN AMERICA 
The portraits of Horsford, Gibbs, and Wetherill are from the author’s collection. 
Smith’s and Genth’s portraits are reproduced here by courtesy of the Edgar Fahs Smith 
Memorial Collection, University of Pennsylvania; and Porter’s by courtesy of E. M. 
Bailey, New Haven, Connecticut. 
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in 1848. In 1872 he was appointed professor of chemistry at the Univer. 
sity of Pennsylvania. 

The merits of Smith and Genth, who were both preéminent in the field 
of mineral chemistry, have been delightfully told by Professor Edgar RP, 
Smith (47) in the Golden Jubilee Number of the Journal of our society, 

(Oliver) Wolcott Gibbs (48) (1822-1908) studied under Liebig in the late 
forties. He was professor of chemistry at the New York Free Academy 
(later College of the City of New York) from 1849 to 1863 and Rumford 
professor of chemistry at Harvard College from 1863 to 1887. Gibbs was 
one of the most influential chemistry teachers of his time and in the opinion 
of many led the way in making research the basis of advanced chemical 
education in America. 

Charles Mayer Wetherill (49) (1825-71) studied under Liebig in 1847-48. 
He was professor of chemistry at Lehigh University from 1866 until his 
untimely death in 1871. The story of his life was the last work from the 
pen of Professor Edgar F. Smith. 

John Addison Porter (50) (1822-1866) also studied under Liebig in the 
late forties. He was professor of organic chemistry at the Yale Scientific 
School until his death in 1866. 

Samuel W. Johnson (41) (1830-1909) studied under Liebig in the early 
fifties. His career as professor of agricultural chemistry at Yale has al- 
ready been referred to. 

These are only a few of the leading American teachers of chemistry who 
were schooled under Liebig. The list could be greatly extended. Among 
those, whom we have named, were three future presidents of the American 
Chemical Society. Liebig’s message of ‘‘Education through Research” 
was spread by his books and pupils to all parts of the United States. 


THE PUPILS OF WOHLER 


Shortly after the departure of Liebig from Giessen to Munich the tide of 
American chemistry students in Germany began to turn toward Wohler at 
Gottingen and the movement continued in this direction for several decades. 
We will select only afew names from the list of those whostudied under Wohler. 

Charles A. Goessmann (51) (1827-1910) was born in Germany and studied 
chemistry with Wohler under whom he took his degree in 1852. He worked 
five years as Wohler’s assistant and helped to train a long line of American 
students. In 1857 he came to the United States where, after eleven years 
of technical activity, he accepted in 1868 the professorship of chemistry at 
the Massachusetts Agricultural College. -He was one of the most influen- 
tial teachers of his subject in the United States. 

Charles A. Joy (52) (1823-91) took his doctor’s degree under Wohler in 
1852. He was professor of chemistry at Union College until 1857 when he 
resigned to accept a similar professorship at Columbia. 
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Some PuPILs OF WOHLER WHO CONTRIBUTED TO THE DEVELOPMENT OF CHEMICAL 
EDUCATION IN AMERICA 
Pugh, Caldwell, and Bolton are from the author’s collection. 
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Charles F. Chandler (53) (1836-1925) took his doctor’s degree under 
Wohler in 1856. He succeeded C. A. Joy as professor of chemistry at Union 
College in 1857. In 1864 he helped organize the Columbia School of Mines 
where, as professor of chemistry, he entered upon a long career of successfy] 
teaching. 

Henry B. Nason (54) (1831-95) graduated from Amherst in 1855 and 
then went to Gottingen where he took his doctor’s degree under Wohler in 
1857. The following year he was appointed professor at the Rensselaer 
Polytechnic Institute of Troy where he was a successful teacher of chem- 
istry for nearly forty years. 

James W. Mallet (55) (1832-1912) was born in Dublin and obtained his 
education at Trinity College, Dublin, and at the University of Gottingen 
where he took his doctor’s degree in 1852 under Wohler. He emigrated to 
the United States in 1853 and soon became the leading professor of chem- 
istry in the Southern States, teaching at the University of Alabama from 
1856 to 1861, at the Medical School of Louisiana from 1865 to 1867, and 
at the University of Virginia from 1867 until his death. 

Evan Pugh (56) (1828-64) obtained his doctor’s degree under Wohler in 
1857. He then worked at the Rothamsted Agricultural Experiment Sta- 
tion in England until 1859 when he returned to the United States to accept 
the presidency of the Pennsylvania Agricultural College. He died in this 
office five years later at the early age of thirty-six. The loss of this bril- 
liant career to agricultural chemical education in America was irreparable. 

George C. Caldwell (57) (1834-1907) graduated from Harvard in 1855 and 
obtained his doctor’s degree under Wohler in 1857. He was called by Evan 
Pugh to the Pennsylvania Agricultural College where he taught chemistry 
until 1867 when he resigned to enter upon a long, successful professorship 
at Cornell. Caldwell’s “‘Agricultural Chemical Analysis,” published in 
1869, was the first book upon this subject in the English language. 

Henry C. Bolton (1843-1903) graduated from Columbia College in 1862 
and obtained his Ph.D. under Wohler at Géttingen-in 1866. He after- 
ward taught chemistry at Columbia College and at Trinity College, Hart- 
ford, Conn. He retired from teaching in 1887 and devoted the remainder 
of his life to research work upon the history and bibliography of chemistry. 
He wrote many articles upon historical chemical subjects. He published a 
“Student’s Guide to Quantitative Analysis,’ but is best known for his 
“Select Bibliography of Chemistry”’ in five volumes. He collected a mag- 
nificent library of 1000 rare books upon alchemy and the history of 
chemistry which are now in the Library of. Congress. 

These American students of Woéhler developed into a famous group of 
chemistry teachers, five of them becoming presidents of the American 
Chemical Society. If we include also in this list the earlier and later 
students of Wohler, J. C. Booth, Ira Remsen, and Edgar F. Smith, the 
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number of future presidents of the American Chemical Society whom he 
instructed is increased to eight. Professor Smith always contended that 
Wohler was a far greater teacher than Liebig and a comparison of the rec- 
ords of the American students that were trained in their respective schools 
would seem to give some support to his view. A very notable list of 
chemistry teachers could also be compiled from the names of the Americans 
who studied under Bunsen. 


Theses of Chemistry Students 


The progress of chemical education in America, as exemplified by 
students’ theses, is a phase of our subject that deserves to be elaborated 
in considerable detail. The topic, however, is too copious to be treated 
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Two PAGES FROM VAN CLEEF’S THESIS ON “SUGAR REFINING” 


in a general sketch of this character and I will only refer in passing to a 
single example at the close of this 1820-1870 period. This is the thesis 
of Augustus van Cleef upon ‘‘Sugar Refining,” prepared at the Columbia 
School of Mines in 1869 under the direction of Professor C. F. Chandler. 
I doubt if the beautiful chirography and pen and ink illustrations of this 
thesis have ever been equaled by any American student of chemistry. 


A Few Textbooks of Chemistry 
Time is also lacking in this very fragmentary sketch to trace the develop- 
ments of chemical education in America during this fifty-year period as 
exemplified in the textbooks of chemistry. I have mentioned only a few 
of them in this narrative as the total number of such works for beginners, 
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advanced students, and general readers that were published between 1899 
and 1870 probably exceeds two hundred. Over a considerable part of 
this period the leading textbooks were mostly reprints, compilations, or 
adaptations of the foreign works of Henry, Brande, Turner, Thomson, 
Fownes, Kane, Orfila, and other writers, not to forget the ever-popular Mrs, 
Marcet. The influence of these works lasted even down to the close of the 
last century. As we review this period we are sometimes puzzled to know 
why it was that in the writing of textbooks so many American teachers of 
chemistry preferred to remain fledglings and hesitated so long to try their 
own wings. 

Some of the works that were published during this period enjoyed a sur- 
prising popularity. The various editions and imitations of Mrs. Marcet’s 
‘“‘Conversations,’’ that were sold in the 
United States before 1853, exceeded 
160,000 copies. The elementary 
chemistries of our American teacher 
and authoress, Mrs. Almira H. Lin- 
coln Phelps (1793-1884), also enjoyed 
a phenomenal sale. The “Classbook 
of Chemistry” by that very popular 
scientific writer, Edward L. Youmans 
(1821-87), had a sale of 144,000 copies. 
Youmans’ “Chemical Chart” and 
“Chemical Atlas’’ were also very popu- 
lar original works, designed partly for 
the use of students who like himself 
were afflicted with defective eyesight. 





The Works of Josiah Parsons Cooke 
Courtesy L. C. Newell 


Jostan P. Cooke An entire essay could be devoted 
to the interesting unique features of 
some of our American chemistry textbooks, but in the remaining time at 
my disposal I will refer only to three works by Dr. Josiah Parsons Cooke 
(58) (1827-94), one of America’s greatest teachers of chemistry. His 
“Chemical Problems and Reactions,” published in 1857, marked an impor- 
tant advance in the methods of chemistry teaching in the United States. 
This work, although prepared solely for the use of undergraduates of Har- 
vard College, had a much wider appeal, as it was the first American text- 
book to deal in a comprehensive way with stoichiometric problems. 
Professor Cooke’s “‘Chemical Physics,’’ published in 1860, was also in 
many ways an epoch-making work, for it marked the dawn of the modern 
science of physical chemistry. He labored alone for many years without 
followers, several decades ahead of his time, the precursor of the later school 
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of Ostwald and Arrhenius. During his long professorship at Harvard he 
taught many chemists who became eminent in the field of education—the 
earliest and greatest of these being Charles W. Eliot (1834-1926), the 
story of whose training under Cooke in the humble beginnings of chemistry 
at Harvard in 1849 has been so well told by Professor L. C. Newell (59), 
and also by Dr. Tenney L. Davis (59a). 

Professor Cooke published another work in 1864 that had a wide popular 
appeal. This was his “Religion and Chemistry” which consisted of a series 
of lectures, delivered in Brooklyn, Boston, and Lowell during the early soul- 
trying years of the Civil War. This work, based upon the plan of the 
famous Bridgewater Treatises in England, had for its aim the demonstra- 
tion of a divine plan and intelligence in the properties of the chemical 
elements. We find in its pages the same lofty spirit and open ex- 
pression of religious feeling that occur in the lectures of the elder Silliman 
and of many other great teachers of chemistry during this period. Wether- 
ill’s “Lecture Notes on Chemistry’’ (60) for the students of Lehigh, pub- 
lished in 1868, begins with a mystical diagram indicating the relationship of 
Souls, Matter, and Force to God—a diagram similar to those which we find 
in older chemical treatises extending backward for ten centuries or more. 

With the passing of the great chemistry teachers of this period the relig- 
ious note that was so dominant in their lectures and books disappears. It 
was the last survival of an attitude of mind which had been passed down 
from teacher to pupil since the days of the old alchemists. In this respect 
we are farther distant from the age of Cooke and Silliman than they are 
removed from the time of Paracelsus. 


Effects of the Civil War on Chemical Education 


The effects of the Civil War upon chemical education in America were in 
the nature of an overwhelming catastrophe. Professors and pupils were 
called from their laboratories to promote the works of death and destruc- 
tion and the tide of progress was turned backward for nearly twenty years. 

Doremus (61) suspends his lectures at the College of New York to work 
upon gunpowder and the gun pendulum for the Federal Government; 
Mallet (62) closes his classroom to assume charge of the Confederate 
Ordnance Laboratories at Macon, meanwhile losing all his books and papers 
when the Federal Cavalry destroys the buildings of the University of Ala- 
bama; gallant Newton Mauross (63), professor of chemistry at Amherst, 
who ten years before had won his doctorate under Woéhler at Gottingen, 
falls at the head of his company at Antietam. Multiply these events a 
thousand-fold and we have not yet begun to measure the losses which 
chemical education in America suffered as a result of the Civil War. 

The reunited nation was fortunate, however, in having among its teach- 
ers men and women of the strongest faith and optimism. It was through 
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their efforts that the wounds were healed, that the weakened forces of chemi- 
cal education were reorganized, and that the youth of the country were 
trained for the duties and responsibilities of the present age. 
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THE HISTORY OF CHEMICAL EDUCATION IN THE UNITED 
STATES FROM 1870 TO 1914* 


HARRISON HALE, UNIVERSITY OF ARKANSAS, FAYETTEVILLE, ARKANSAS 


In recording the history of chemical education in America from 1870 to 
1914 notice must be taken of (1) the great advances made in the schools 
themselves in buildings, equipment, personnel, and number of students. 
This period includes also (2) the rise in influence and importance of the 
Jand-grant colleges and the institutes of 
technology, (3) the combat on behalf of 
the sciences for recognition by those who 
had been devoted to the classics, (4) the 
beginning of most of our distinctly chemi- 
cal American publications, (5) the found- 
ing of the American Chemical Society, and 
lastly (6) the general recognition of the 
value of research and the firm establishment 
of the American graduate schools. 

In summarizing his excellent and com- 
prehensive article on ‘The History of 
Chemistry Teaching in American High 
Schools” just published, Paul J. Fay (1) 
states: 


Its position in the curricula of high 
schools was firmly established shortly 
after the middle of the nineteenth 


century. 
Jubilee Number, J. Am. Chem. Soc. 


This is confirmed by the earlierstatement ppank WiccLESwoRTH CLARKE 


of S. R. Powers (2): Chief chemist for the U. S. 
: Geological Survey, 1883-1925. 

It appears that chemistry has oc- Long chairman of the Interna- 
cupied nearly as large a place in the tional Committee on Atomic 
program of studies of the early high bao Mg = PF par 

: o-Chemistry” a - 

schools as it does today. Most of the stants.of Nature” and eles maar 
standard” schools have always pro- _s articles of educational, historical, 


vided a place for it. and popular nature. 


Both these writers refer frequently to the official report of the United 
States Bureau of Education prepared by F. W. Clarke (3), president of the 
American Chemical Society in 1901, whose death at the age of eighty-four 
occurred May 23, 1931. This report, based upon information collected 
by the Commissioner of Education in 1878, was published in 1880 and 
states (4): 


* Presented before the Divisions of Chemical Education and of History of Chemistry 
of the A. C. S. at Buffalo, New York, September 1, 1931. 
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In high schools and academies the teaching of chemistry and physics 
varies between widely separated limits. In a great majority of cases 
mere textbook work is done, only a few experiments being performed 
by the teacher. 


After making a strong argument for laboratory instruction, Clarke (5) 
declares: 


Twenty years ago the difficulty would have been to secure compe- 
tent teachers. Today this want is being met.... Every year the 
number of teachers competent to give laboratory instruction is 
greatly increased, and before long the supply will equal any demand 
which is likely to arise. 


The fulfilment of this prophecy is noted in the Report of the Census 
Committee (6) at the celebration of the twenty-fifth anniversary of the 
American Chemical Society: 


What then, have we found in high schools as the result of our in- 
quiry? In 1876 a prevalent view that chemistry has little educa- 
tional value. In 1901 chemistry was found in every high-school 
curriculum. In 1876 school committees were very loath to expend 
anything for laboratories or equipment. In 1901 the laboratory and 
lecture room were among the first considerations in constructing a 
high-school building. 


Whether those of us now in colleges and universities like it or not, 
the fact remains that these institutions gave a much more tardy recognition 
to the claims of chemistry than did the high schools. In 1870 no college 
accepted chemistry for admission (7). Fay says, “Utilitarian aims 
dominated the early academies more than they did the colleges,’’ and 
Powers (8), ‘‘As late as 1875 the provision which had been made for chemis- 
try in most of the colleges was quite meager.” 

In speaking of normal schools Clarke (9) states: 


By far the larger number of them treat these sciences exactly as 
they are treated in secondary institutions and the smaller colleges; 
that is, they teach the elements of both subjects, partly by textbooks 
and partly by lectures. A few experiments are exhibited and labora- 
tory work on the part of the students is entirely ignored. 


Almost as bad is the fact (10) that 


As a rule, the ordinary college course leaves the sciences for the 
junior and senior years, an arrangement which. ..renders advanced 
electives in either chemistry or physics out of the question. 


This was still true in the writer’s experience as a student at one of the 
better southern colleges in the closing years of the last century. 

A statement of exact conditions at one of the best institutions makes 
the situation more evident. In 1878 in the School of Arts at Columbia 
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College, Professor C. F. Chandler (President of the American Chemical 
Society in 1881 and again in 1889) states (11): 
The sophomore class attends one class a week in chemistry, through- 
out the year. Instruction is given chiefly by lectures. General 


chemistry is also taught during the senior year three times a week, 
as an elective, by lectures. No laboratory work is reported. 


In 1876 only the Massachusetts Institute of Technology and the Univer- 
sities of Pennsylvania and of Virginia reported laboratory work in organic 
chemistry and all three institutions had a total in this work of eleven 


students (12). 
The condition in professional schools in 1880 is reflected in the state- 


ment by Clarke (13): 


Although the medical schools were among the earliest institutions 
to give chemistry a fair recognition, they have by no means kept up 
with the recent growth in scientific teaching.... Pupils having 
barely the rudiments of a common school education are taken, lectured 
to for five months in the year during two or three years, carried 
through a series of clinics and a course of dissections, and then are 
dismissed with a diploma entitling them to ‘‘practice medicine.” In 
such a training neither chemistry nor physics can receive proper 
attention. 


In 1874, according to Benjamin Silliman, Jr., of Yale, in his essay read 
at the Priestley Centennial.(14) Harvard had ‘“‘the largest number of under- 
graduates devoted to chemistry studies in their well-appointed chemistry 
laboratory which have been assembled at any academical institution in 
this country.” In 1901 it was reported (15) that since 1876 “‘accommoda- 
tions for students and teachers have increased as one to twenty-five.”’ 
Assuming this to be correct, the increase from 1870 to 1914 must have been 
nearly fifty-fold. 

With so little material help and in spite of handicaps and difficulties so 
much was done and sufficient results obtained to serve as the broad founda- 
tions upon which today’s science rests. In thinking of this, there comes a 
growing appreciation of the spirit of our predecessors and a pride in their 
achievements. 

Besides the spirit of the chemists themselves, many other powerful 
factors were at work to make possible the growth shown in this period. 
Outstanding among these was the development of technical institutes and 
of the land-grant colleges. Arising both from private generosity and be- 
cause of legislative act these had a common origin in the desire to make the 
discoveries of science of practical benefit. 

While the Morrill Act, which made possible the land-grant colleges, 
was passed in 1862 (16) and several of the institutes were founded at an 
early date, the growth and. influence of these institutions came largely 
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after 1870. In the report of the United States Commissioner of Education 
for 1880 (17) the ‘Statistics of Agricultural Schools in the United States’ 
appear just before those for ‘‘deaf, dumb, insane, blind, and asylums for 
idiots and inebriates.’’ The number of the schools was less than the 
number of asylums. Kentucky, with 283 students, was then the largest 
of the land-grant colleges by more than 100. 

Only twenty of these were opened to students by 1870 (18). In that 
year there were 144 teachers and 1413 students, while in 1914, 6374 teach. 
ers and 61,212 students (19), an increase in forty-four years of forty-four. 
fold. 

From their very beginning, chemistry, because of its practical nature, 
occupied an honored and outstanding place in these institutions. Here no 
combat with the classics was necessary, and chemistry was never in danger 
of being crowded out of the curriculum. At Columbia, when Professor 
Chandler was able to offer only two courses with no laboratory in the 
School of Arts, he offered numerous required and elective courses in the 
School of Mines, and in the building built in 1874 the laboratories were 
said to be “‘superb”’ (11). 

The field of service of these institutions, both state and private, has 
steadily widened, a growth made possible by gifts and increased federal 
and state funds. By this means the development of research has made 
steady progress, not only in chemistry but in all the sciences. 

In 1870 probably four-fifths of the college graduates who studied pro- 
fessions entered law or divinity schools. The medical student had “little 
more than a common school, or at the most an academic education, as a 
preliminary to his professional studies’ (20). Whether this condition 
was the cause or the effect of another fact, it was undoubtedly true that 
although chemistry and the other sciences were given a place, they were 
not considered in the minds of very many of like rank with the classics. 
In my own Alma Mater, Emory College, thirty years later one might take 
three, and possibly four years of Latin and of Greek if he had had the 
necessary years of high-school work in these languages required for en- 
trance, but only one year of physics and one of chemistry in the junior and 
in the senior years were possible, the chemistry with very little laboratory 
work by the student. Enrolments in language courses were many times 
those in science, and the student hours in the Greek classroom far exceeded 
those in the chemical laboratory. At the beginning of the period the 
difference in favor of the classics was even more pronounced. By its 
close conditions were entirely reversed, with the number studying Greek 
reported as ‘‘deplorably small’’ (21). 

In this time of the complete triumph of chemistry it is well that we give 
careful thought to making the utmost use of the splendid facilities now 
placed at our disposal, for already there is questioning on the part of 
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some educators of the value of laboratory work in chemistry as now given 
22). 
Tica devoted to chemistry appeared about the beginning of the 
riod under discussion: The Boston Journal of Chemistry and the Journal 
of Applied Chemistry in 1866; The Chemical News in 1867; and The 
American Chemist in 1870, the three last in New York City (23). 
The announcement of the beginning of this last-mentioned journal strikes 
anew note of American chemical independence which was not fully achieved 
until several decades later. It reads (24): 


The publishers of the American reprint of The Chemical News 
having decided to discontinue that publication, we venture to offer 
to the subscribers of that journal, 
and to all who are directly or in- 
directly interested in the progress 
of chemistry a new journal— 


THE AMERICAN CHEMIST. 


This journal will be devoted to 
theoretical, analytical, and tech- 
nical chemistry.... As we have 
purchased the subscription list 
and stock of the American reprint 
of The Chemical News, we shall 
make it our duty to present 
everything of value in the English 
edition to the end of the current 
year. After this year, The Amert- 
can Chemist will be conducted 
as AN ENTIRELY INDEPENDENT 
JOURNAL. 





A summary of ‘Recent Chemical ERECTOR ee Sak 
Publications”’ noted in its first volume Cu Whitin ont 
contained 133 titles, of which 84 were 
German, 34 English, 8 American, and 7 French (25). But this journal 
lived only until 1887, long enough to print the early Proceedings of the 
American Chemical Society (26). 

The vital importance of a journal of chemistry published in this country 
is clearly brought out by the statement of Treat B. Johnson (27) made in 
1926: 


It is undoubtedly true that these two men—Michael and Nef— 
are the outstanding figures of the older school in the field of theoretical 
organic chemistry in this country. Unfortunately, their work is not 
so well known to our present American investigators as it should be, 
as most of their papers were published in German journals. Too few 
of us realize how much several of the German journals owe to Ameri- 
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can contributors of our 
first quarter-century, 
1876-1901, for their past 
success. The two most 
interesting and impor- 
tant conceptions which 
have enriched organic 
chemistry within the last 
fifty years were formu- 
lated by these two Ameri- 
can organic chemists— 
Michael and Nef—but 
their ideas were devel- 
oped in German publi- 
cations. Germany was 
the leader of the chemical 
world at the time they 
were most active, and 
naturally their papers 
were sent to those jour- 
nals where they were as- 
sured prompt publication 
and were read by chem- 
ists in Europe who were 
Courtesy Alumni Ofice, The Johns Hopkins University recognized as leaders in 
IRA REMSEN their profession. 


American chemists will ever owe a debt of gratitude to Ira Remsen “for 
his organization, support, and service as editor of the American Chemical 
Journal during its period of publication from 1879-1913.” Johnson's 
statement (27) continues: 


The American Chemical Journal offered a medium for publication 
of original research which was greatly needed in this country. It 
acted as an important stimulus to American research in both organic 
and inorganic chemistry and received the support of the best workers 
in our American universities. It was one of the chief factors which 
served to develop or create a national interest in the contributions 
of American investigators; it stimulated a competition which led to 
a decided increase in the amount of published work in this country, 
and discouraged the habit of foreign investigators of ignoring and be- 
littling American chemistry. At the time that the journal was started 
practically all the results of the best research work done in this country 
were published abroad. Today the tables have been reversed, and 
the fact that a condition has been developed whereby only an occa- 
sional American investigator publishes in a foreign journal is due in 
no small degree to the vision, love of American institutions, and 
scientific interest of Ira Remsen. He has ever been a strong supporter 
of original research, and his pleas for more thorough study in our 
country of modern organic chemistry have always been received with 
enthusiasm and met with prompt support. 
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The American Chemical Journal 
was naturally largely devoted to or- 
ganic chemistry. The Journal of the 
American Chemical Society appearing 
frst in 1879 as an independent 
monthly publication, as a matter of 
course, was claimed also by other 
phases of chemistry (26). ‘‘In Janu- 
ary, 1893, the Board of Directors 
accepted the proposition of Edward 
Hart to suspend his Journal of Ana- 
lytical and Applied Chemistry and to 
take over the publication and editing 
of the Journal of the American Chemi- 
cal Society.”’ Dr. Hart, whose death 
in his seventy-seventh year occurred 
June 6, two weeks after that of Dr. 

Clarke, continued as editor until 1902. 
In 1914 the American Chemical Jour- 
nal was incorporated with the Journal 
of the American Chemical Society. Fouls a te lay fer Belvnoan 

Chemical Abstracts, first published sayuet TaroporE HERMAN CARL 
in 1907, has attained unusual use- Dorgan soy 
fulness as well as preéminence in its ee ee ioe oe 
field. It is difficult for those of us 
who use Chemical Abstracts so constantly to think back to the days when it 
was not available and to appreciate fully its value to every chemist. 

Mere mention is made of some of the other journals founded in this 
period: Journal of Physical Chemistry (1896), Transactions of the American 
Electrochemical Society (1902), Journal of Biological Chemistry (1905), 
Transactions of the American Institute of Chemical Engineers (1908), 
Journal of Industrial and Engineering Chemistry (now using a shortened 
name) (1909), and Journal of Agricultural Research (1913). 

No history of chemical education in America would be complete that 
did not give large place to the American Chemical Society. The story of 
the founding of this Society in 1876 can hardly be told too often. De- 
tailed accounts are given in The American Chemist (28) and several shorter 
reports in the supplements of the Journal of the American Chemical Society 
for the twenty-fifth and half-century celebrations (29). 

Two events that occurred shortly before the organization meeting in- 
dicated the desire of chemists for an organization and that the time was 
ripe for its beginning. In August, 1875, a subsection of chemistry was 
organized within Section A of-the American Association for the Advance- 
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ment of Science formerly devoted to the 
mathematical and physical sciences (30), 
In April, 1874, The American Chemis 
published a letter from H. Carrington 
Bolton, of the School of Mines, Colum. 
bia College, referring to Priestley’s dis. 
covery of oxygen and the work of other 
chemists in 1774 and asking: 


Would it not be an agreeable event 
if American chemists should meet 
on the first day of August, 1874, at 
some pleasant watering-place, to dis- 
cuss chemical questions, especially 
the wonderfully rapid progress of 
chemical science in the past hundred 
years? 


The American Chemist published the 
letter with its approval and letters endors- 
Jubilee Number, J. Am. Chem. Soc. ing it were received from a number of 
ALBERT B. PRESCOTT prominent chemists. Among these was 
Fifth president of the —— Professor Rachel L. Bodley, of the 
rrecsoe on od posters ye Woman’s Medical College of Pennsyl- 
Michigan from 1865 on. vania, who suggested that the centennial 
celebration be held in Northumberland, 

Pennsylvania, at Priestley’s grave and in his “quaint little church.” 
The Chemical Section of the New York Lyceum of Natural History at 
a meeting held May 11 approved the plan and appointed a committee to 
have it in charge, of which Bolton was chairman. In response to a call 
“to the chemists of America’’ seventy-seven chemists from fifteen states 
as well as from Washington, D. C., from Canada and from England (30) met 
at Northumberland. Two of these were women, while the wives and 
daughters of many of the chemists ‘‘graced the meeting,” as we are told. 

On the first day of this meeting— 





Persifor Frazer proposed the formation of a chemical society which 
should date its origin from this centennial celebration, and urged the 
importance of the fact that, while American chemists have done per- 
haps a larger amount of work in their own department proportionately 
than has been done in the world within the last century in any other 
branch of science, they have as yet in this country not a single society 
to represent the chemical thought of the country. 


His proposal that a committee be appointed to take steps for the or- 
ganization of such a society was strongly opposed on the ground that 
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chemists should coéperate with the American Association for the Advance- 
ment of Science, and an amendment to this effect was carried (31). 

Before this time two and possibly three chemical societies had been 
formed in the United States, the first in 1792 preceding by forty-nine years 
the earliest foreign chemical society, that in London (28). But these early 
chemical societies did not continue permanently (32). 

However, the demand for an organization of chemists continued, and 
January 22, 1876, eight chemists sent out a letter asking an expression of 
views on the organization of a ‘‘Chemi- 
cal Society” in New York. Two 
months later a second letter stated: 


The response was so unexpect- 
edly satisfactory, that on further 
consultation it was deemed op- 
portune to attempt the formation 
of a national society. 


Again the response was so encourag- 
ing that “‘a meeting for organizing the 
American Chemical Society’ was 
held April 6, 1876, and the Society or- 
ganized with fifty-three resident and 
eighty non-resident members. The 
spirit of the new society was expressed 
by W. H. Nichols, who said: 





Let us begin this society small, 
let it do its work well, and it will 
undoubtedly grow. 


Courtesy L. C. Newell 
H. CARRINGTON BOLTON 


Student of Wo6hler. Taught chem- 


The i ; tas istry at Columbia and Trinity Colleges, 
Society did moti until it had but retired from teaching in 1887 to de- 


13,868 members in 1919 when he was vote the remainder of his life to research 
president (33) work upon the history and bibliography 
: P ; of chemistry. 
But this growth did not come rap- 


idly in the early years, the membership in 1889 being actually less than 
in 1876. The Chemical Society of Washington was organized in 1884 and 
the Cincinnati Chemical Society a little earlier. These continued their 
existence and the American Chemical Society with its monthly meetings in 
New York was little more than a local organization. Finally in 1890 a local 
section was formed in Rhode Island after a general meeting of the American 
Chemical Society held in Newport. Then at a meeting of representatives 
from each of the organizations held in Washington a plan was proposed by 
which each organization should become a local section in the national society 
This was eventually carried out, New York, Rhode Island, Cincinnati, and 
Washington being the first four sections of the national society. 
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The American Chemical Society has long been a most powerful factor jn 
chemical education in this country. The value of its publications, both 
those published directly and those which it has fostered, is obvious, Its 
membership has included a very large percentage of American teachers of 
chemistry. Its first seven presidents were teachers, and in twenty-six 
of the thirty-nine years from its founding until 1914 its president was a 
teacher (29). But many of its founders were, and more of its members 
have been, industrial chemists with no direct connection with teaching, 
For this reason they have been educators of the educators. 

The association of chemists in industry with those in education, which 
this society throughout all its history has made possible, has been of untold 
value to both groups. Nothing in America has done more to keep the 
one group from becoming pedantic or the other from being narrow. That 
this has been done with an entire absence of group consciousness in any 
unfortunate sense upon the part of either has been and is a marked achieve- 
ment of the society. 

The Division of Chemical Education with its undoubted advantages 
would be of questionable value, did it rob us as teachers of the priceless 
friendship and association of our fellow chemists who are not teachers. 
How far we have kept from so unfortunate a condition every one familiar 
with the society knows. In every division at the general meetings and in 
almost countless local and sectional meetings the industrial and the educa- 
tional chemists unite in an attack upon their common problems. For 
both this is surely a genuine basis of education, for at these meetings 
much of the real history of chemistry in America is recorded. 

There was practically no graduate work in chemistry given in America 
in 1870. The Johns Hopkins University began its work in 1876 and for 
1878-79 reported (34): 


The fellows and advanced students have also been engaged in 
carrying out investigations under Professor Remsen.... Research is 
regarded as a very important part of every complete course in chem- 
istry. The teaching is so directed that every student must necessarily 
recognize its importance. 


A recognition of the importance of research was being shown by other 
educational institutions but under difficulties. As late as 1884 at a leading 
university the head of the department, later president of the American 
Chemical Society, wrote (35): 


There has been one graduate student attending instruction in chem- 
istry but for several reasons he has not been able to accomplish a 
great deal. Under a rule of the Board of Trustees he is not permitted 
to enter the analytical laboratories. 
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Conditions steadily improved, however, until before the beginning of ihe 
World War most young American chemists did not feel it necessary to go 
abroad for graduate work, and research came generally to hold the place 
of honor and importance which it had been given at The Johns Hopkins 


University (36). 

Of a total of 519 doctorates in philosophy granted by American universi- 
ties in 1914, 244 were in science and 71 of these in chemistry (37). 

In reviewing the wonderful progress of these years, one feels that irresisti- 
ble optimism which has been the birthright of the chemist for more than a 


century. The English chemist, Davy (38), declared: 


I hardly know which we ought most to rejoice at—the progress that 
has been made in natural knowledge or the progress that is to be made. 


And the American, Clarke, whose efficient work began early in this period 
and extended many years beyond, who was therefore in a position to know, 
said as early as 1904 (39), 


I have faith in the future; I believe it will be better than the past; 
and to my mind the great advances in science which we celebrate 
are only a beginning. 
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ADVANCES IN THE TEACHING OF CHEMISTRY SINCE 1914* 


F. B. Datns, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


In 1914 the world burst into flame. Just as Napoleon more than a cen- 
tury before had called upon the French scientists for aid, so in the begin- 
ning of the Great War the nations in their need mobilized every scientific 
activity. Chemical activity abroad and at home was stimulated to the 
highest degree. There was a demand for munitions, food, textiles, medici- 
nals and chemicals, which involved as never before the application of 
science to industry, to metallurgy, to the production of raw materials, and 
to agriculture. 

With the blockade of Germany came the need which resulted finally in 
America in an independent production of dyes, medicinals, and fine chemi- 
cals. Studies in dietetics and nutrition were also stimulated, which have, 
as a by-product, our conflicting knowledge of the important but elusive 
vitamin. 

As a result of this need of the application of science to the world’s 
work there was organized in the nation a great propaganda for the diffusion 
of scientific knowledge and for the education of the public in the necessity 
for scientific research for the sake of national safetv and public welfare. 

There was also an increasing demand for educated men and women, the 
immediate result of- which was to double and triple the college enrolments 
with a group which before had not dreamed of the possibility of such fur- 
ther training. 

The factors then that must be considered as affecting the teaching of 
chemistry in this new era from 1914 on, and which raised a host of new 
problems, can be briefly formulated as follows: (1) the great growth in 
student body, which has not only taxed the facilities of our higher institu- 
tions of learning, but has brought in a mass of student raw material, the 
value of which is very questionable; (2) an enormous increase in achieve- 
ment in pure and applied chemistry; (3) the recognition of the need of ac- 
curate and continued research as a basis for industry, for the utilization of 
waste products, and for future welfare, both local and national; (4) an 
increasing public appreciation of and knowledge regarding the value of 
scholarly and scientific training. 

This last has been aided by the fact that the level of popular knowledge 
and appreciation has risen, which has been brought about largely through 
the efforts of the educational institutions and by the work of such organiza- 
tions as the National Research Council, the scientific divisions of the Gov- 
ernment, the host of private research laboratories; by accurate, but read- 
able books, such as Slosson’s ‘‘Creative Chemistry,” ‘“Chemistry and In- 
dustry,” etc. (for this we owe a great debt to Mr. Garvan and The Chemical 


* Presented before the Divisions of Chemical Education and History of Chemistry 
of the A. C. S. at Buffalo, N. Y., September 1, 1931. 
; 745 








746 JOURNAL OF CHEMICAL EDUCATION APRIL, 1939 








Foundation, Inc.), by the News Service of the American Chemical Society, 
by the daily press, and by many other allied services. 

Another effect of the war was to close the institutions of the Central Pow. 
ers to the American student. Since the ’30’s of the last century the foreign 
training of the American chemist had been largely in Germany and toa 
lesser degree in France. The inspiration of such masters as Liebig, Wohler, 
von Baeyer, Lothar and Victor Meyer, Emil Fischer, Ostwald, and many 
others had exercised an enormous influence upon the teaching of American 
chemistry. The war closed to our students the German laboratories with 
their wealth of chemical tradition—a most unfortunate situation. 

While American scholarship and increasing graduate facilities have pro- 
vided the finest sort of training and adequate facilities for graduate work, 
the war prevented for years the personal contact with German chemists 
which gave a perspective that we in this country need, and which could 
be provided only partially by the allied countries. 

Fortunately, the situation is changing, though we cannot but regret the 
lost years with the passions engendered. France, since the war especially, 
has made her laboratories much more accessible and has attracted in 
consequence an increasing number of American students. The exchange 
professorships at Cornell and other institutions have brought to us some of 
the keenest European minds and have radically helped this unhappy insular 
condition; and, too, the flow of student exchange has become more normal 
—a result that cannot but be helpful in placing chemistry in its proper 
world relation. 

An important development of the past few years has been the expendi- 
ture of huge sums of money in the erection of carefully planned labora- 
tories for the accommodation of from two hundred to several thousand 
students. They are designed not only for the students in the general 
courses, but include what the older type of laboratory did not—every pos- 
sible facility for research—and the investigators have at their command 
every type of apparatus and mechanical device. This wealth of equip- 
ment deadens the initiative of some students, and they forget that fruitful 
work and investigation are possible under simple conditions. 

































Association of Teachers and the Division of Chemical Education 


In 1914 there were relatively few associations of teachers and those only 
in the older and more thickly settled parts of the country. The average 
isolated teacher had to work out his own salvation as best he could with 
the aid of an occasional book agent. 

One of the most positive advances of this era was the organization of the 
Division of Chemical Education under the leadership of Edgar Fahs Smith, 
to whose kindly spirit we all owe so much. For the first time, under the 
auspices of the American Chemical Society, was an opportunity given for 
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united efforts in approaching this phase of chemistry, and for teachers of 
chemistry to study their own educational problems, rather than leave them 
to the mercies of professional educators whose well-meant efforts were un- 
hampered by any special knowledge of the subject. 

The untiring efforts of the leaders in this Division have led to the organi- 
zation of state associations of chemistry teachers and, where possible, groups 
of teachers—a result which has very interesting and hopeful possibilities. 

A very definite accomplishment in this period was the founding of the 
JOURNAL OF CHEMICAL EpucaTION. _ It gives a means for teachers of chem- 
istry to express to their colleagues their viewpoints concerning the peda- 
gogical problems that confront them. It contains articles of general inter- 
est rather than of a research nature, as well as contributions from the Divi- 
sion of the History of Chemistry, which latter afford a human background 
for our science. The JOURNAL has 
had a remarkable success under the 
leadership of its able editor, and is rec- 
ognized here and abroad as a worth- 
while periodical in a distinctive field. 

Mr. Garvan and The Chemical 
Foundation, Inc., through its system 
of awards and fellowships, have en- 
couraged and aroused much interest 
among the younger students. Mr. 
Garvan’s recent endowment of a Chair 
in Chemical Education at The Johns 
Hopkins University has made possible 
a most interesting experiment fraught 
with great possibilities. 





Textbooks 
‘ IRA REMSEN, WHOSE TEXTBOOK WAS 
The basis of every elementary A MopEL oF CLARITY AND STYLE 


course is an adequate text for reference 
and study. In introducing this topic may I venture to recall some of the 
landmarks in this field? 

One hundred years ago Benjamin Silliman published his “Elements of 
Chemistry” in two formidable volumes, which would impress the reader to- 
day with the large amount of accurate descriptive information they con- 
tain and with their lack of the formulas, general principles, and laws that 
characterize a modern text. 

The present era was ushered in by two very influential texts—the first by 
Ira Remsen, which was a model of clarity and style; the second by Alex- 
ander Smith—in which were incorporated much of the new world of physical 
chemistry discovered by Arrhenius, van’t Hoff, and Ostwald. Smith at the 
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time of this publication was one 
of the younger members of the 
staff at the University of Chicago, 
and I can well remember that 
even in 1895 a mid-west group 
of teachers of chemistry were con- 
sidering how much of this new 
knowledge should be incorporated 
into an elementary text. 

Now a whole new “‘five-foot 
shelf of books’’ has been added, 
which contains the startling ad- 
vances in physical chemistry, ra- 
dioactivity, and the structure of 
theatom. In far-off Greece there 
rises a memorial to the brilliant 
Moseley, to whom we owe some 
of these epoch-making ideas, and 
whose untimely death was one of 
the great tragedies of the War. 

Now there is no lack of books, 
ranging from merely descriptive 
volumes to others that are as at- 
tractive as a nicely articulated 
skeleton and devoid of all interest. 
Some authors in their desire to be 

ALEXANDER SMITH up-to-date bring in by force the 

From a snapshot taken in May, 1911, in latest suggestions of the previous 

Lawrence, Kansas. week, whether confirmed or not. 
However, many most excellent books have appeared since 1914 where the 
dictum of St. Paul has been followed: ‘‘Prove all things; hold fast to that 
which is good.’’ On the other hand, how much of this newer knowledge 
should be included in a beginning text seems still a matter for argument, 
and the future alone will bring a definite answer. 





Chemical Instruction in Secondary Schools 


It is possible that greater advances have been made in the secondary 
schools than elsewhere, due to improved training of the teachers and their 
greater participation in science organizations where they are benefited by 
the mutual assistance and the free discussion thus made possible. 

In these schools without question the standardization of topics has been 
of assistance to the younger teachers; there are some common things that 
every student of chemistry should know. The topics that the Committee 
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of the Division of Chemical Education has advised do not hamper the 
initiative of the real instructor nor interfere with necessary modifications 
for local conditions. It may dissuade him from too great stress on the 
mechanics of the problem rather than adherence to the spirit of chemistry. 
For this latter aim the articles in the JOURNAL OF CHEMICAL EDUCATION 
are especially helpful. Of certain institutions the criticism has been raised 
that method has been emphasized rather than any real knowledge of the 
subject—a most unfortunate viewpoint. 


Teachers of Chemistry in Colleges 


In the good old days it was said that in one small New England college 
when a professor resigned the others drew lots to see who should fill his 
place. ‘“Those days have long been gone forever.’’ Now the instructor in 
chemistry is highly educated, and owing to his increased contact with in- 
dustry and life outside of the classroom he has become far more a man of 
the world with many-sided interests. 


Majors in Chemistry 


In general, the requirements for the major in chemistry have shown an 
advance over those of the preceding generation. He tends to have a better 
background of language and physics; his study of mathematics has carried 
him through calculus or farther; to his fundamental training in general and 
organic chemistry and in quantitative analysis has been added a far more 
rigid course in physical chemistry than ever before. For certain phases of 
chemistry still greater mathematical training is required, but even then it 
will assist rather than take the place of accurate experimental work. With 
the crowding of the curriculum has come one unfortunate result; namely, 
that too little emphasis has been placed upon exact quantitative analysis, 
which after all is the necessary basis of our chemical science. 


Objectives of Chemistry 


When one turns the pages of Gmelin-Kraut, Beilstein or Chemical Ab- 
stracts one is appalled not only by the endless amount of data and, to a 
lesser extent, theory that they contain, but also by the fact that the volume 
is constantly increasing. Under these conditions it is a matter of credit 
that chemists have achieved the agreement that exists in the choice of ma- 
terial that can be presented peaceably to the first-year student in chemistry. 
A definite effort is now being made by teachers of chemistry to recognize 
more clearly than ever before the various objectives of the present-day 
student. 

The history of the past decade would lead to the following conclusions: 

1. The bulk of the instruction has been designed for the prospective 








750 JOURNAL OF CHEMICAL EDUCATION APRIL, 1932 













major in chemistry where the sequences have been developed by years of 
trial and experience and is on the whole fairly satisfactory. 

On the other hand there is a growing feeling that a student who is major. 
ing in, let us say the humanities, should be given a general viewpoint of 
chemistry and its importance to the world in which he lives. We all agree 




































that somewhere in high school or college every one should have this expo- Di 
sure. But electing the first four or five hours of a chemical sequence does 
not satisfy this need any more than do some of the texts that have been mi 
written with this general aim in view. in 
3. How best to handle a third class the members of which are looking 36 
forward to medicine or biological fields has become an increasing problem. m 
{ Certainly no short cuts should be allowed, though little advance can be a 
made until medicine and biology are willing to increase radically their bi 
minimum requirements of chemistry above the first elementary course. al 
Despite these unsettled problems there is much of hope in the future. At lo 


no time in the past has so much real progress been made and at no time has 
there been such a willingness to consider and attempt new methods. This 
is seen in the changing technic of college teaching. 

The lecture system is being modified so that the students are handled in 
small divisions where they become individual units. In some institutions 
classification on the basis of ability is attempted, though here one must 
sympathize with the leaders of the forlorn hopes at the bottom of the list. 
Where it is feasible, students who have had a good high-school course in 
chemistry are placed in separate divisions, and the college instructor utilizes 
so far as possible their previous training. 

In many institutions this “‘cultural course’ in chemistry is an accom- 
plished fact (at least in the catalog). 

For the properly prepared undergraduate, in order to develop his initia- 
tive and chemical curiosity, some universities have offered an introduction 
to research where the student can assist an older investigator in some piece 
of work. Everywhere, then, there is a keen desire to meet in a scholarly 
way the changing conditions of the present era. 

May I close with the suggestion, which is valid from the high school to 
the most technical course of the graduate, that we never in our teaching 
lose sight of the basic fact that chemistry is an experimental science and that 
the only general test of truth is the careful interpretation of rigid and ac- 


curate experimental data? 
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BALANCING CHEMICAL EQUATIONS* 


DeAR EDITOR: 

I am very much interested in the various methods that have been sub- 
mitted for balancing oxidation-reduction reactions. The method used 
in the Correspondence Section set forth by Earl Otto [J. Cem. Epuc., 9, 
361 (Feb., 1932)] interested me very much. I would like to submit the 
method that I have used with success as extra work for the better students. 
The method involves the traditional method of gain or loss of electrons 
but arriving at a conclusion by a different method. The students are 
able to grasp, by the following procedure, whether an atom has gained or 
lost electrons, and the principle involved. 

The following formula has been used: 


T = n[N — (+V)] 


Total number of electrons outside the nucleus 
Number of atoms 

Atomic number 

Valence 


a fsti 
Huu 


Taking an example used in the above article: 
+g.—9 +1+ 8 Pad om Peis. See 
As2S3 + HNO, —_> AS(NO,); + He 20 + H2SO, + NO, 
Tagt? = 2[(383 — (+3)] = 606e 


Toas*® = 2(33 — (+5)] = 56¢e 

Ts;~? = 54e 

T3g *6 = 30e 

Tx +5 = Qe 

Tyt* = 3e 
As, *3(60e) — (4e) = 2Ast*(56e) (1) 
S372(54e) — (24e) = 3S~(30e) (2) 
N+5(2e) + (e) = N*4(8e) (3) 


Equation (3) must be multiplied by 28 in order to make loss and gain 
of electrons balance. 
28N +5(2e) + (28e) = 28N*4(3e) (4) 


The above method may be illustrated by drawings to show the transfer 
of electrons where the student can obtain a vivid picture of the oxidation- 
reduction reaction. 

For example, the transfer of electrons in the N atom: 

2e 3e 
14+ +e-—> 14+ (3a) 


T— 7- 





* For previous correspondence on this subject, see J. CHEM. Epuc., 9, 358-63 
(Feb., 1932); ibid., 9, 560 (Mar., 1932). 
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The final equation is balanced by using the number of atoms in (1), (2) 
and (4). 







As2S3 + 38HNO; —_—> 2As(NOs)s5 + 16H,O + 3H2SO, + 28NO, 










Very truly yours, 
OBER SLOTTERBECK 





CHARDON COMMUNITY PUBLIC SCHOOLS 
CHARDON, OHIO 



























DEAR EDITOR: 


Many students and many teachers of chemistry make hard work of 
i balancing equations of oxidation and reduction. 

As was pointed out in the Correspondence Section of the December, 
1931, number of the JOURNAL OF CHEMICAL EDUCATION (p. 2453), the 
algebraic method is purely mechanical and affords little insight into the na- 
ture of the chemical reactions considered. It is not worthy of considera- 
tion. 

I have never seen any more simple method of balancing oxidation and 
reduction equations than the rule originated by Professor O. C. Johnson 
of the University of Michigan in 1880 (Chem. News, 42, 51). Professor 
R. J. Carney substitutes the term, ‘oxidation number,’ for bond. The 
oxidation number or bond in most cases will be the same number as the 
valence. 

The valence or oxidation number is determined by the following simple 
rules: * 


(a) Hydrogen has a valence or oxidation number of +1. 
(6) Oxygen has a valence or oxidation number of —2, except in 
H,O2 and peroxides. 
(c) Free elements have a valence or oxidizing number of zero. 
(d) The sum of the valencies or oxidation numbers of the elements 
in a compound is zero. 


This simple rule will balance all equations of oxidation and reduction: 

THE TOTAL GAIN IN VALENCE OR OXIDATION NUMBER FOR ALL OF THE 
ATOMS IN ONE MOLECULE OF THE REDUCING AGENT IS THE NUMBER OF 
MOLECULES OF THE OXIDIZING AGENT TO BE TAKEN; THE TOTAL Loss 
IN VALENCE OR OXIDATION NUMBER FOR ALL OF THE ATOMS IN ONE 
MOLECULE OF THE OXIDIZING AGENT IS THE NUMBER OF MOLECULES OF 
THE REDUCING AGENT TO BE TAKEN. After obtaining these two numbers 
the rest of the equation can be balanced, by inspection. 

The equations that students often have difficulty with in any method 
are those in which a part of the oxidizing agent or reducing agent also 


* Modified from ‘‘Outline of the Methods of Qualitative Chemical Analysis,’”’ by 
R. J. Carney, University of Michigan, p. 32. 
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enters into combination without being oxidized or reduced, and those in 
which all the elements oxidized or reduced are present in the same molecule. 
The first is illustrated in the equation 3Cu + SHNO; —> 3Cu(NOs)2 + 
INO + 4H2:O. Inspection shows that only part of the nitric acid acts as 
an oxidizing agent. 

This reaction is explained in many ways but I think the simplest method 
is to write the acid twice as follows: 


0 +5 +2 +2 
38Cu + 2HNO; + 6HNO; —» 3Cu(NO;)2 + 2NO + 4H;0. 


The total change in valence of the reducing agent (Cu) is two; hence 
according to the rule take two molecules of the oxidizing agent (HNOs) 
and the total change in valence of the oxidizing agent is three, therefore 
take three molecules of the reducing agent (copper). 

The numbers 3 and 2, fixed by the rule, decide the number of molecules 
of Cu(NOs)2 and NO in the balanced equation. Inspection shows that 
six molecules of nitric acid are needed to enter into combination with the 


copper. 
The second difficult kind is illustrated in the equation: 


+5 +5 +7 +4 
2HCIO; (oxidizing) + HCIO; (reducing) —~ HCIO, + 2ClO, + H2O 


The oxidizing HClO; changes to ClO:, the reducing to HCIO,. 

I think the above method of explaining the action of nitric acid on 
copper is simpler than that given by Professor Earl Otto in the February, 
1932, number of the JouURNAL OF CHEMICAL EpucATION (pp. 361-3) and 
emphasizes the double action of nitric acid. 

Attention should be called to an error in the products formed in one of 
the equations given by Professor Otto (p. 363). Hs3AsO, is formed in- 
stead of As(NO3),; when nitric acid acts on As2S3. 


+3 -2 +5 +5 +4 +6 
As2S3 + 28HNO; —»> 2H;:AsO, + 28NO2 + 3H2SO; + 8H2O 
4 + 24 = 28 
Very truly yours, 
BERT W. PEET 


MICHIGAN STATE NORMAL COLLEGE 


YPSILANTI, MICHIGAN 
* * * * + * 


DEAR Epitor: 

The objection to the algebraic method of balancing chemical equations 
which Nicholas Dietz, Jr., gives in your issue of February, 1932 (p. 361), is 
correct as far as it goes, but he has overlooked the fact that one cannot 
divorce chemistry completely from mathematics in using the latter in 
many chemical calculations. The statement to the effect that there must 
be at least (n — 1) different elements involved in a chemical equation of 
n substances before this equation can be balanced by the algebraic method, 
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is not true, since an elementary inspection of the chemical equation, which 
Dietz cites as an example, gives us the sixth necessary equation, ¢ = g, 
The free oxygen on the right-hand side of his equation can be formed 
most reasonably from the H,O2, which has one available oxygen atom to 
enter the oxidation-reduction change. The chemistry of this reaction 
tells us then that there will be just as many moles of O, in the products as 
there are moles of H,O: used, or c = g. 

Thus we have six simultaneous linear equations containing seven un- 
known constants which can be solved as follows: 


a KMn0O, - b H2SO, + Cc H202 —> d KHSO, oo é MnSO, + f H.O “+ g Os» 


For K, a=d (1) 
For Mn, a=e (2) 
For O, 4a + 4b + 2c = 4d+4e+/f + 2g (3) 
For H, 2 +2 =d+2f (4) 
For S, b=d+e (5) 
By inspection c=g (6) 


Let a. = 1; then d =-1,:e:= 1, :andd = 2. 
Substitute in equations (3) and (4) the above values. 





(3a) f—2c+2g =4 

(4) 2f—2 = 3 

(7) 2a- f= 

(3a) f—2c+2g =4 

(3d) f—2%+2c =4 (Since c = g) 
j= 4 

Substitute the above value for f in equation (7) 

(7) 2g-4=1 
2g = 5 
g = 5/2 
c = 6/2 (Since ¢ = g) 


The balanced equation then becomes: 
2KMnQ, + 4H2SO, + 5H202. —>» 2KHSO, + 2MnSO, + 8H.O + 50, 


Very respectfully yours, 
HENRY P. HOWELLS 
THE QUAKER Oats Co. 
CEDAR Rapips, Iowa 
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APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Improvised beaker holder. B. 
Koone. Chem.-Analyst, 21, 18 (Jan., 
1932).—When tongs are inconvenient 
or not available hot flasks or beakers 
can be conveniently handled asshown 1 
in the diagram. Pieces of rubber 
tubing of about one-half inch diame- 
ter are cut into one-inch pieces. 
These are then slit open and placed 
over the thumb and finger as shown. 2 
The elasticity of the rubber holds 


them in place. BG. E: 
An improvised Victor Meyer 
apparatus. I. STONE. Chem.-Ana- 


lyst, 21, 16-7 (Jan., 1932).—In the 
qualitative analysis of organic com- 
pounds the determination of molecu- 
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lar weights is often helpful. The 
following describes a simple appa- 
ratus which may be readily assem- 
bled where the regular type is not 
available. The diagram shows the 
set-up. A Kjeldahl flask of 800 cc. 
capacity is clamped upright. A 
75-ce. test tube is placed in the 
neck so that there is a clearance of 
about one-fourth inch. The test 
tube is fitted with a cork or rubber 
stopper through which passes the 
neck of a broken distilling flask. 
Another stopper fitted to the Kjel- 
dahl and passing around the distill- 
ing flask neck holds the apparatus 
in place. The rest of the apparatus 


consists of a damaged buret and a funnel and tubing for leveling. The method of 


supporting the sample is shown in the drawing 


of the details of stopper. The sample 


is weighed in a small glass-stoppered vial, which is fastened to the bent glass rod with 


wire in such a way that when the 
rod is rotated the flask will fall. A 
little sand may be placed at the 
bottom of the test tube to break 
the fall. The apparatus should be 
checked for leaks before using. 


rubber washer 


colindion membrane 
fs 





D.C L. ab / sine poner om 
es device for holding E 
ultra-filtration membranes. C. pe Npepereted dn aD 
BrEEpIs. Science, 74, 634 (Dec. yg een 





“heavy: 


18, 1931).—A simple and inexpen- 
sive device for purifying biological 
products and determining the size 
of colloidal particles is described 
by the writer. The necessary ar- 
ticles are two glass funnels, a rubber 
washer, a rubber band, and a metal 
washer (diagram). G. H. W. 
Solid carbon dioxide in laboratory technic. 


y rubber bend 








D.H. Kitterrer. Ind. Eng. Chem., 


Analyt. Ed., 3, 336-7 (Oct., 1931).—Temperatures of —78.5°C. can be reached. Due to 
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its low cost and availability, the use of solid 
carbon dioxide in the laboratory should be- 
come quite common. This temperature js 
below or close to the freezing point of most 
solvents, so that vapor pressure and solubility 
are greatly reduced. This may be used to 
effect separations by crystallization more ef- 
fectively than when the solvent must be 
evaporated. Ether when cooled to —78.5°C, 
and poured off from the ice crystals gives no 
test for water with CuSO,, so that this method 
can be substituted for the treatment with Na 
and the subsequent distillation. In distilla- 
tions with solid CO, as the cooling agent, 
special arrangement is necessary if the freez- 
1O\—S) ing point of the distillate is above the tem- 








lat A 


) ss 
R S aks} perature of the CO, in order that the freezing 
x . ‘| will not clog the condensate passages. An 
N b\H ASE GN] «arrangement is shown in the diagram. The 
x » \‘/ use of extreme cold in separation of mixtures 
x eS ‘| is utilized in the removal of fats from alcohol 
Y e Bs solutions of perfume concretes, the separation 
R SAA * of benzene from ether, etc. It is a cheap 
“ETS Se - ar cooling agent in the production of high vacua. 
YI 2 4 * Dehydration of gases to an extent attainable 


7 


a only by the most careful use of chemical 
h\] agents can readily be accomplished with COQ). 
=e \| Samples sensitive to oxidation can often be 
MAO | safely stored by adding a small amount of solid 
CO, to the sample in a beverage bottle. 
\ DE 
Testing the reaction of distilled water. 
E. Truc. Science, 74, 633-4 (Dec. 18, 
1931).—The writer claims that by the use of 
a neutral solution of bromocresol purple as 
an indicator, distilled water may be ascer- 
tained to have a pH value of 5.6 to 58 
G. H. W. 


Analyt. Ed., Ind. Eng. Chem, and not 7. 
KEEPING UP WITH CHEMISTRY 


The nature of metals in relation to their properties. E. E. SCHUMACHER. Sci. 
Mo., 34, 22-30 (Jan., 1932).—The two most important properties of a metal are its hard- 
ness and strength. Hardness when referred to metals is the ability to resist plastic 
deformation. Since deformation is the result of the sliding crystal of sections on slip 
planes, any alteration in the metal aggregate which interferes with slip will cause an 
increase in hardness. Metallurgical processes used in producing hardness are: (1) 
alloying of two metals to form a solid solution, (2) cold work, and (3) heat treatment. 
The causes of hardness are discussed and numerous diagrams illustrating the underlying 
principles are included. G. W. S. 

How the new physics has changed the viewpoint of chemistry. W. A. Noyes, Jr. 
Rep. New Eng. Assoc. Chem. Teachers, 33, 60-2 (Jan., 1932).—The term new physics has 
come to be applied to that group of theories which is frequently called quantum me- 
chanics. The successes of the new quantum mechanics are numerous. The facts of 
spectroscopy are adequately treated and predictions have been made and verified. In 
addition the subject of valence is receiving at last a treatment which is not based on 
pure empiricism. There is a vector model of the atom which may be used to tie together 
a large number of different facts. It retains something of the language of the Bohr 
atom. In most instances the vector atom predicts qualitatively the results which are 
given quantitatively by the new mechanics. ©..€3 

Catalysis. P.K.Frouicu. Ind. Eng. Chem., 23, 1366-8 (Dec., 1931).—A number 
of positive and negative catalysts or inhibitors are given, with a brief statement of the 
commonly accepted ideas on catalysis. One of the recent important advances is the use 
of certain metallic oxides in hydrogenation in place of metallic catalysts. They offer 
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greater selectivity and are less affected by poisons and changes in temperature. Meth- 
anol can be produced from Hz and CO; and a variety of alcohols can be synthesized 
from H, and CO by the selection of the proper catalyst and conditions. The classifica- 
tion of substances as sources of paraffin and aromatic compounds is less sharply defined, 
since low-temperature carbonization produces a non-aromatic tar, while petroleum yields 
increasingly larger amounts of aromatics at higher temperatures, so that the nature of the 
product can be controlled to some extent, dependent on the fixed C and H ratio in the 
original substance. Petroleum cracking tends to form a gaseous product high in H, and 
residue relatively low in H. This can be controlled by high-pressure hydrogenation. 
Hydrogen activated by treatment with metallic oxides is used. The réle of synthetic 
methods in breaking world monopolies and in freeing industries from the restrictions im- 
posed by geographic locations is illustrated by the development of the synthetic ammonia 
process. The use of a whale-oil butter first produced a product barely fit to eat, but 
research has resulted in a product which closely approximates real butter. Upholstery 
leather has replaced leather to a large extent, while artificial cellulose products serve ad- 
mirably in place of real silk. Synthetic rubber also is a commercial Meer set e 

The scientific crime detection laboratory. L. J. Karmprer. Chem. Buill., 19 
3-6 (Jan., 1932).—The laboratory was established in the summer of 1929, and is affiliated 
with and administered by Northwestern University. It offers specialized crime service to 
the entire U. S., but especially to Chicago. The laboratory is well equipped for firearm 
identification, and has a rather complete collection of firearms and ammunition. The 
psychology department has developed the lie detector which records changes in blood 
pressure, respiration, and skin conductivity under emotional stress, and is experi- 
menting with scopolamine which seems to render inactive certain higher brain centers. 
The laboratory is equipped for chemical analyses, photographic work, and has a good 
museum and library. It publishes the American Journal of Police Science. Also it 
conducts courses devised to aid in training police and detectives in more specialized knowl- 
edge. Lis ys 8 

Developments in the chemical industry during 1931. G.P.Po.iitt. Chem. Age, 
25, 570-3 (Dec. 26, 1931).—It is considered that there is ample justification for the erec- 
tion of a plant for the manufacture of petroleum from coal with an annual production 
capacity of 200,000 tons of petroleum, the cost is about 7d. per gallon. Solid carbon di- 
oxide is finding increasing use as a refrigerant. Important advances have been made 
in the manufacture of safety glass, and of certain kinds of explosives. E.R. W. 

The nitrogen industry at the end of the year 1931. B. WarseR. Chem.-Zig., 
56, 4 (Jan. 2, 1932).—There are 126 industrial plants in the whole world in which nitrogen 
is fixed. Table I gives the geographical distribution and. capacities of these plants. 





TABLE I 
Number of Capacity in Tons 
Country Plants of Nitrogen % 

Germany 15 1,160,000 29.17 
United States 10 575,000 14.46 
Chile — 500,000 12.57 
Japan 15 298,000 7.52 
France 28 270,000 6.78 
Great Britain 1 250,000 6.29 
Belgium 11 190,000 4.77 
Italy 13 107,000 2.69 
Poland 5 104,000 2.62 
Norway 2 100,000 2.51 
Netherlands 4 95,000 2.39 
Russia 3 90,000 2.26 
Canada 3 58,000 1.46 
Czechoslovakia 3 35,000 0.88 
Other Countries 13 144,460 3.63 

Total 126 3,976,460 100.00 


At the end of the year 1929 the nitrogen production was only 3,164,520. The in- 
crease over that year was about 811,000 tons of nitrogen. 
of the various commercial methods which were employed. 


Table II gives a comparison 


JOURNAL OF CHEMICAL EDUCATION APRIL, 1932 


TABLE II 


Total Capacity Total Capacity 
in Tons of in Tons of 
Nitrogen Nitrogen 
Method 1929 1931 % 


Direct Synthesis of Ammonia 1,794,420 2,608,760 65.60 
Ammonia from Calcium Cyana- 
mide 20,000 10,000 0.25 
Chili Saltpeter 500,000 500,000 12.57 
Gas plants 472,000 472,000 11.87 
Calcium Cyanamide without 
Method 2 354,100 361,700 9.09 
Electric Arc 21,000 21,000 0.55 
Cyanide Synthesis (neither from 
Ammonia nor Calcium 
Cyanamide) 2,000 2,000 0.05 
Bengal Saltpeter 1,000 1,000 0.02 
Total 3,164,520 3,976,460 100.00 
L.:§ 


Developments in chemical engineering. H.W. CREMER. Chem. Age, 25, 564-6 
(Dec. 26, 1931).—The inclusion of aluminum in copper-zinc alloys results in a material 
highly resistant to certain types of corrosion. The low price of silver has resulted in 
its use in the manufacture of industrial apparatus for food manufacture. Tungsten plat- 
ing of iron is a commercial proposition. Rubber is becoming an important construc- 
tional material. The industrial use of high pressures is having far-reaching effects, 
especially in connection with the hydrogenation of petroleum oils and in cracking proc- 
esses. E.R. W. 

The nitrogen industry in 1931. E.B.Maxtep. Chem. Age, 25, 568-9 (Dec. 26, 
1931).—The synthesis of ammonia has become stabilized as far as choice of catalyst and 
type of plant construction is concerned. One of the principal problems facing the am- 


monia industry today is the conversion of ammonia into the most suitable salt. 
E. R. W. 


The aliphatic solvents industry, 1931. ANon. Chem. Age, 25, 573-7 (Dec. 26, 
1931).—Brief reviews are given of the present industrial methods for the manufacture of 
the following materials: methanol, ethyl alcohol, anhydrous alcohol, isopropyl! alcohol, 
butyl alcohol, acetic acid, ketones, esters. E. R. W. 

A review of the British chemical industry in 1931. J. D. Pratt. Chem. Age, 
25, 559-63 (Dec. 26, 1931).—Production during 1931 was much lower than in 1930 
which was considered a poor year. Some increase has been shown since England's de- 
parture from the gold standard. The production of sulfuric acid has been steadily de- 
creasing since the first of 1929 and at present is less than 50 per cent. of capacity pro- 
duction. Among the new developments are: the large-scale production of lactic acid 
and phenolphthalein, further application of tin compounds, preparation of pure vitamin 
D, preparation of a highly concentrated solution of vitamin A, and the perfection of 
starch-free foods from Irish moss. . E. R. W. 

Research in the nickel industry. P.D.Merica. Inco, 11, 14-6 (Jan., 1932).— 
“The trail to industrial advancement is blazed by research.’ Four lines of research 
are carried on by the International Nickel Co., namely: structural alloy steels and 
alloyed cast irons, non-ferrous alloys and corrosion-resistant steels, chemical and corro- 
sion problems incident to the use of fabricated nickel and Monel metal including electro- 
deposition, and uses of the platinum-group metals and alloys. Equipment is available for 
melting operations, working both the hot and cold metals, heat-treating, machining and 


fabrication, testing of physical properties, corrosion, and microscopic studies. 
H. T. 8. 


On Time. Anon. Inco, 11, 13 (Jan., 1932).—One of the newer additions to the 
nickel-steel alloy products is the watch hairspring. The new spring is made of Elinvar, 
discovered by Dr. C. E. Guildaume. Elinvar is composed of nickel and steel with small 
amounts of chromium, manganese, carbon, and tungsten. The elasticity of the alloy 
is constant at all temperatures, so that a solid balance wheel may replace: the former 
bi-metallic arrangement. The alloy is resistant to magnetism, and recovers immediately 
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on removal from the magnetic field, while ordinary watches are often put out of business 
entirely. The alloy is rust-resisting. These qualities make Elinvar an ideal material 
to meet the demands made of the modern watch. HT, B: 

The conservation of structural timber. M. E. Smitru. Rep. New Eng. Assoc. 
Chem. Teachers, 33, 53-60 (Jan., 1932).—Deterioration of structural timber may be 
brought about by decay, insects, mechanical abrasion, marine borers, and fire. Decay 
is probably the most important. The true cause of decay is a low form of vegetable 
life called ‘‘fungi.”’ 

The most important preservative in use today is creosote but during the past ten 
years there has been a marked development in the use of salt preservative. One solu- 
tion consists of copper sulfate and sodium dichromate acidified with acetic acid. It is 
claimed that this mixture reacts with the wood, reduction of the chromate ion takes 
place, and a copper-chromium compound of low solubility and of sufficient toxicity to 
inhibit the growth of fungi is deposited within the wood. oc: 

What holds that nail? ANon. Inco, 11, 17 (Jan., 1932)—Wood is composed of 
thousands of fibrous threads. As a nail is driven into wood, these fibers are cut, and 
rough ends and edges are formed which act as wedges that grip the nail firmly and op- 
pose any extraction movement. Corrosion markedly affects the holding power. Rust 
attacks wherever the protective coating is broken. Another form of corrosion is caused 
by tannic acid present in most woods. This acts on copper or copper alloy nails to form 
a slippery verdigris which causes the nails to loosen. Nails and fastenings made of 
Monel metal are resistant to corrosion, and are being used successfully where corrosion 
is aggravated, as in boats and wooden tanks designed to handle corrosive liquids. Monel 
metal is also immune to corrosion under stress. i Fad YR 8 

Lactose: its properties and uses. D. M. Corrorr. Chem. Age, 25, 540-1 
(Dec. 19, 1931).—Lactose occurs in true solution in cow’s milk to the extent of about 
4.7 per cent. The present method of recovery yields a little over 2 per cent. refined 
lactose. It is used largely in the preparation of patent foods for infants and invalids 
It is also used in the baking industry, in the manufacture of preserved fruits, and in 
certain kinds of candy. Lactose helps to preserve oilcakes containing readily ferment- 
able oils, and rubber latex. E. R. W. 

Silicates and steel treatment. ANoNn. Silicate P’s & Q’s, 12, 1-2 (Jan., 1932).— 
Properties of tool steels are dependent upon the conditions of heat treatment to which 
they are subjected. Tempering of metals is an art which science is explaining and pro- 
jecting beyond the attainment of the original artisans. Water and oil each have differ- 
ent rates of cooling and are used to give their special effects. A recent study indicates 
that silicate solutions may be used to control cooling conditions to give faster, intermedi- 
ate, or slower rates of cooling. The low rate of heat transfer may be due in part to the 
formation of a rocky dehydrated silicate coating. This scale can be removed by boiling 
water or caustic soda solution. It is possible to prepare an excellent thermal insulator 
from silicate which results in a fluffy cellular material. is Gos any: 

The value of silicate of soda as a detergent. J. D. Carter. Ind. Eng. Chem., 
23, 1389-95 (Dec., 1931).—The washing of fabrics has been shown to be very compli- 
cated fundamentally. The factors previously reported as having a part in the deter- 
gent process are: emulsification, wetting, lubrication, deflocculation, solution, foaming, 
to which the author of this paper adds protection against deposition or redeposition. 
Lather holds insoluble dirt and prevents its redeposition. A number of washing experi- 
ments are described using different detergents and soiling agents. Mixtures of soap 
and silicate are as good or better than either alone with siliceous pigments. Trisodium 
phosphate is intermediate between sodium silicate and other builders in its power to pro- 
tect the cloth. Glue and alkaline sols of starch, gum arabic, and colloidal clay prevent 
deposition to a slight extent. At great dilutions, silicates of highest SiO, ratio are most 
efficient. Solid dirt may be removed from one piece of cloth and deposited on another 
piece or section by the same detergent. Sodium silicate, NagO : 3.25SiO2 has marked 
powers in both removal and protection. The protective action appears to be due to the 
formation of an extremely thin film on the cloth, which is readily removed by a 

DG. Ee 


New quicksilver discoveries. W.M. WeIcEL. Eng. & Mining J., 132, 594-7 
(Dec., 1931).—Discovery of cinnabar in Southwestern Arkansas during the summer of 
1931 adds another uncommon mineral to the many found in the state. The ore varies 
considerably though much of it will undoubtedly run in excess of one per cent. Too 
little work has been done, as yet, to be able to predict at the present time how much bar- 
ten rock will have to be removed to secure ore of this grade. G. W.S. 
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The modern theory of acids and bases. J. E. Caverti. Rep. New Eng. Asso. eh 
Chem. Teachers, 33, 63-76 (Jan., 1932).—According to the modern theory an acid ig of 
substance, the molecules of which have a tendency to give up protons: thus, NH,y+= re 
NH; + H*. A base is a substance, the molecules of which are capable of taking up x 
protons: NH;+ H*+=NH,*. Our most common solvent, water, is both an acid and 

base acid 
a base. HOO = H++OH- H.O + H+ = H,0+. bes 
acid base base acid “ 

The fundamental acid-base reaction consists in the transfer of a proton from an acid 1: 
molecule to a base molecule, yielding a new but weaker acid and a new but weaker base, a 

HCl + H.O = H;0+ + Cl- us 

acid; base: acid, base; nit 

Acid; and base; are conjugate acids and bases as are acid; and basez. According to the ca! 
new theory the strength of an acid is measured by the inherent tendency of its molecule th 
to expel a proton, that is, by the equilibrium in the reaction : Acid — Base + Ht wl 
0. C. ca 

The fundamentals of the relativity theory. M. Tatmry. Sci. Mo., 34, 41-8 Re 
(Jan., 1932).—A very clear and readable discussion of the relativity theory is given, 1s 
The theory consists of two hypotheses and several inferences. The hypotheses are: be 
1. The laws of nature are alike in all systems. 2. The same ray of light travels with 75 
the velocity c for all observers. G. W.& = 

’ 
HISTORICAL AND BIOGRAPHICAL wi 

Mansur Al-Kamily. E. J. Hotmyarp. Archeion, 13, 187-90 (1931).—Mansur * 
Al-Kamily was an official of the Mint at Cairo early in the 12th century and wrotea 
treatise on assaying and metallurgy entitled, ‘‘The Book of the Discovery of the Prac- = 
tical Secrets of the Egyptian Mint,’ from which a few typical passages are here quoted. 
Holmyard hopes shortly to publish an English translation of the whole work. - 

T Le 
Boyle’s conception of element compared with that of Lavoisier. T. L. Davis. 3 
Isis, 16, 82-91 (1931).—Boyle’s conception of elements was not new and original with him. 
It was used by earlier writers of his own epoch, and is traceable to Thales (6th century ‘i 


B.C.). In “The Sceptical Chymist’” the discussion commences with a definition of the 
prevailing notion of element and concludes with the same definition—and without the Is 
discovery of any criteria by which the application of the definition may be determined. . 
Lavoiser had the criteria and conceived an element pragmatically as a substance which 
could not be, or had not been, decomposed into simpler substances—but that idea had 
been earlier set forth clearly by Macquer. Lavoisier was not the first chemist to make th 
good use of the balance—and the balance was not his test for the elementary nature ofa 


substance for he considered heat (calorique) to be an element, ‘‘a real and material sub- ’ 
stance, a very subtle fluid which insinuates itself between the molecules of all bodies on 
and separates them.” T. La pe 

Samuel Guthrie, Jr.—1782-1848—in commemoration of the centenary of the 
discovery of chloroform. T. L. Davis. Archeion, 13, 11-23 (1931)—Chloroform 
was first prepared in 1831, by Liebig, by Soubeiran, and by Guthrie, evidently first by . 
Guthrie. Guthrie lived at Sackett’s Harbor, New York, on the edge of the wilderness, 
and manufactured alcohol, molasses from potatoes, turpentine; gunpowder, primer com- ‘ 
position, etc. He prepared a spirituous solution of chloroform (‘‘Guthrie’s Sweet Whis- Pi 
key’’) by distilling alcohol with chloride of lime, and later isolated and described the ; 
pure substance. His use‘of oxide of tin along with fulminate of mercury in percussion fo 
primers was an important advance in the explosives art. All of his chemical writings are hs 
published in Silliman’s American Journal of Science and Arts for 1832, vols. 21 be 22. 

TL 

Studies on Jabir ibn Hayyan. P. Kraus. Isis, 15, 7-30 (1931).—This article T 
contains a classification of the Jabir writings according to their scientific content. The Ve 
Jabir legends are also included. ° T.-L. DD, It 

John Mayow in contemporary setting. T.S. Patterson. Isis, 15, 47-96, 504-46 t 


(1931).—Modern writers have enormously exaggerated the resemblance of Mayow’s 
views to our own, read into his statements ideas which were by no means in his mind, 
credited him with the discoveries and views of others, confused the Tractatus duo with 

the Tractatus quinque, and depended rather upon what has been written about Mayow 9 
than upon what Mayow himself wrote. T. L. Bs 
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Metallurgical researches of Michael Faraday. F. C. T. Nature, 129, 45-7 
(Jan. 9, 1932).—Between 1818 and 1823 Faraday had carried out a very extensive in- 
vestigation on the alloys of steel. Part of these experiments were on small quantities 
of metal in the laboratory of the Royal Institution; others on ingots of steel from ten 
to twenty pounds in weight, melted in Sheffield. While some of his contemporaries 
regarded these investigations as fruitless, a careful examination would show that this 
was not altogether true. It is to Faraday’s credit that for the first time a series of steels 
was examined with sixteen different metallic additions and of varying concentrations. 
He also determined as accurately as has been done, even to the present day, the solid 
solubility, which he gives as 0.2 per cent., of silver in steel. He also showed that both 
platinum and rhodium dissolve in steel in all proportions. Faraday prepared the first of 
the “stainless steels.” That the alloy contained 50% of platinum, and hence found no 
useful application, does not minimize the scientific discovery. He also showed that 
nickel reduces the tendency of steel to corrode and that, other things being equal, a high- 
carbon steel rusts more rapidly than does one of lower carbon content. He also showed 
that an alloy containing a small amount of silver was the most valuable of the ones with 
which he dealt. Recently a wooden box labeled ‘‘Faraday”’ and ‘“‘Steel and Alloys’’ 
came to light. This contained seventy-nine specimens which were handed over to Sir 
Robert Hadfield for investigation. The scrupulous care taken of this unique material 
is indicated: by the fact that although about 430 separate chemical estimations have 
been made, with 210 other determinations of structure, hardness, specific gravity, etc., 
75% of the steel still remains from the original weight of less than eight pounds. The 
results of these examinations have been published (Phil. Trans. A, vol. 230, p. 221 and 
British Assoc., Sept. 24, 1931, and also in book form). The results show that Faraday 
with his simple blast furnace turned out a very remarkable piece of work upon these 
iron alloys. F. B. D. 

A forgotten article.on agricultural chemistry by Alexander von Humboldt. E. O. 
von LipPMANN. Archeion, 13, 168-74 (1931).—Von Humboldt’s article entitled ‘‘Ob- 
servations on the Absorption of Oxygen by Earths and on the Influence of This Phenome- 
non in Agriculture,’”’ published in Archiv fiir A griculturchemie for 1804, has been over- 
looked by his biographers and bibliographers, and is discussed along with his other work 
on this question which relates to the action of fertilizers and the nutrition of plants. 

Jefferson’s efforts toward the decimalization of United States weights and 
measures. C. D. HELLMAN. Isis, 16, 264-314 (1931). Fe DED: 

Contribution to the history of the linking of substance with property. E. FARBER. 
Isis, 16, 425-38 (1931).—Chemistry is a science founded upon substances which can be 
isolated in a state of purity. After an historical review, the author concludes—‘‘One 
electron by itself is not a condition requisite for a particular property but becomes so 
first by its combination with other electrons. The single electron has other properties 
than those which it acquires through its interaction with other electrons. So we are 
again in the situation which leads to the casting aside of the old doctrine of the property 
elements, in the situation from which Boyle, after disproving the Aristotelian and the 
peripatetic elements, saw only one way out—to go back again to matter and form.” 

T, te D- 

The early history of the first chemical reagent. M. NIERENSTEIN. Isis, 16, 439- 
46 (1931).—This article contains the early history of the gallnuts test for iron. The 
black color produced when gallnuts are treated with salts of iron was known to the 
Ancients, and early references are numerous to dyes and inks made from various materi- 
als which contain tannin. The first scientific application of the phenomenon is due to 
Pliny who recommended the use of papyrus treated with gallnuts for the detection of 
iron in Verdigris. Boyle recommended powdered gallnuts. Neumann used iron salts 
for identifying real French brandy, but any spirit will exhibit the same color if it has 
been kept in an oaken cask. as FD 

The discovery of the electric cell (1800). G. Sarton. Isis, 15, 124-57 (1931).— 
This article describes the evolution of ideas from Galvani’s animal electricity, 1791, to 
Volta’s metallic electricity, 1800, and describes the experimental basis for the change. 
It is accompanied by a facsimile reproduction of Volta’s letter to Sir Joseph Banks, “On 
the Electricity excited by the mere Contact of conducting Substances of different kinds”’ 
(Phil. Trans. Roy. Soc. London, 1800, pp. 403-31, 1 plate). ¥. is D- 

Heat of the spectrum. “A classic of science.” (Reprint of Herschel’s Philo- 
sophical Transactions article.) Sci. News Letter, 21, 26-8 (Jan., 1932).—From volume 
90 of the Philosophical Transactions of the Royal Society of London published in the 
year 1800, this ‘‘classic of science’ comes. In a few simple experiments the great 
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astronomer gathers observations which lead conclusively to the differences between the 
two extremes of the spectrum in their heating effects. By use of three thermometers, g 
watch, and a glass prism he showed that red light warmed the thermometer bulb more 
than three times as fast as violet light. He also suggests that which later scientists haye 
tried out successfully and that is that these two extremes differ greatly in their chemica] 
effects. B. C. H. 
Rocks tell how they were formed. (Reprint of Sorby’s Quarterly Journal article, 
1858.) Sci. News Letter, 21, 58-9 (Jan. 23, 1932).—The paper is reprinted from the 
Quarterly Journal of the Geological Society of London, volume 14, for 1858. Enormous 
pressures due to overlying solid material aided by temperatures of 680°F. more or less are 
considered responsible for the character of elvans and granites. Some of the igneous 
rocks may have formed from fused materials similar to lava; others from dissolved ma- 
terials in highly heated waters under great pressures. Such solutions working into fis. 
sures and crevices ‘‘deposited various crystalline substances to form mineral veins,” 
B. C. H, 
Scientific centenaries in 1932. Anon. Nature, 129, 10-1 (Jan. 2, 1932)— 
Among the centenaries of chemists which fall within the year 1932 is that of Sir William 
Crookes, who was born on June 17, 1832. Crookes is known to us by his discovery of 
thallium in 1861, by his many other investigations, and by his editorship of The Chemi- 
cal News. From across the channe] came Charles Friedel (1832-99) who was both chem- 
ist and mineralogist. To the organic chemist the Friedel-Craft reaction is a household 
word. Friedel was the successor of Wurtz at the Sorbonne. Walter Weldon, born in 
1832, was the very rare instance of a journalist who turned to scientific study. His 
introduction of the manganese recovery process in the manufacture of chlorine cheap- 
ened, as Dumas said, ‘‘every sheet of paper and every yard of calico throughout the 
world.’’ Louis Paul Cailletet (1832-1913) who was one of the greatest iron-masters 
of France, liquefied oxygen in 1877 at the same time as Pictet. In the list of bicente- 
naries comes the astronomer, David Rittenhouse (1732-96), who succeeded Franklin as 
president of the Philosophical Society of Philadelphia, and was among the first to wel- 
come Priestley to America. In Sweden appears the name of Alexander Cronstedt (1732- 
65), one of the discoverers of nickel. Three hundred years ago saw the birth of the 
Dutch naturalist, Leeuwenhoeck, who was one of the first great microscopists and who 
pictured bacteria for the first time. Four hundred years ago was born Jobst Biirgi, a 
mathematician, whose system of anti-logarithms was worked out See _ the 


. ~ 


discoveries of Napier. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


An integrated project on copper, utilizing visual aids in various forms. L. A. 
ASTELL. Educ. Screen, 11, 21-5 (Jan., 1932).—The project was originated and first used 
in schools of secondary level. It may be used as a special study of a base metal in chem- 
istry or a more extended project for chemistry clubs. Activities involved include pre- 
paring a scrapbook, preparing talks and delivering them before the group, doing experi- 
ments as demonstrations, showing ten or more reels of movie film, and participation in 
at least one field trip. Details on cost of materials, source of films, lists of specific refer- 
ences with pages and volume are given. Talk or paper topics with related film reels are 
listed in order. B. Coe 

High-school clubs. See this title, page 763. 


EDUCATIONAL MEASUREMENTS AND DATA 


An experiment with true-false tests. J. R. Bretz. Neb. Educ. J., 12, 19 (Jan, 
1932).—The author gives the outcomes upon a test of eighty items administered to the 
same group of students, first orally, then in written form. Slightly more mistakes were 
found upon the written than upon the oral presentation. He found the reliability of the 
oral 90 against that of 87 for the written form. 

He found poor readers ranking higher in the oral form. His conclusion is, “teachers 
may administer the true-false test orally, with some degree of confidence that the results 
will be fairly equal to those of the printed forms.” B.C. 

Sex differences in the study of general science. V.C.SmitH. Science, 75, 55-7 
(Jan. 8, 1932).—A study was made to investigate the sex differences in the difficulty of 
the course in ninth-grade general science, and, variations in difficulty from one part to 
another. It is claimed that competent writers of general science textbooks do not agree 
upon what to include in the course. Some of the conclusions arrived at are: (1) general 
science is far from standardized in textbook treatment; (2) material in general science 
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is not arranged logically, or in uniform manner; (3) biology material generally showed 
no sex differences, but the sub-divisions generally showed slight sex differences; (4) 
physiology material showed no sex differences; (5) chemistry material showed marked 
sex differences in favor of the boys; (6) physical material is much easier for boys than 
for girls; (7) the subject as a whole is much easier for boys than for girls. G. H. W. 
High-school clubs. R.S.ELtitwoop. High-Sch. Teacher, 8, 18-9 (Jan., 1932).— 
In this paper is presented the English teacher’s estimate of the high-school club. Its 
values as a supplement to formal classroom activities are given as sixin number. A brief 
abstract for each of four recent books dealing with high-school club work concludes the 
article. Special mention is made of School Activities, a magazine devoted to extra-cur- 
ricular activities, published by the School Activities Publishing Company, 1212 West 
13th St., Topeka, Kansas. Becks Es 


GENERAL 


The American association for the advancement of science. Report of the New 
Orleans meeting. Science, 75, entire issue (Feb. 5, 1932). ae Ww, 
The future of engineering. K.T.Compton. Tech. Rev., 34, 163-4 (Jan., 1932).— 
“The social sciences as well as the natural sciences have an important réle to play in 
bringing about more satisfactory living conditions. Attention has been called recently 
to the difference in the mode of attack by the social scientists and the engineers in 
handling a common economic problem. Of 100 million of population, 5 million are 
unemployed. What measures to alleviate this situation are taken by the two groups of 
scientists? The social scientists may devise a scheme for unemployment insurance, 
doles, restricted and distributed hours of labor, or taxes, which will serve to alleviate 
the suffering of the unemployed. The engineer, on the other hand, creates the auto- 
mobile, or the sanitary system of water supply, or the telephone, which proves to be so 
desirable to the remaining 95 million that the 5 million unemployed are set to work 
manufacturing these new products. The pathway of the future is in the hands of the 
engineer, not of the economist. Applied science is now the most potent factor in shaping 
our future. A single scientific invention may transform our methods of living and solve 
our unemployment problem.” S. W. H. 











The memory of EpGar Fans SmItH, 
past president of the American Chemical 
Society and former provost of the Uni- 
versity of Pennsylvania, was honored by 
the dedication of the new Edgar Fahs 
Smith Junior High School, in York, 
Penna., on November 1, according to 
the News Edition of Industrial and Engi- 
neering Chemistry. At the same time a 
bronze sculptured bust of Dr. Smith, 


PENNSYLVANIA HIGH SCHOOL NAMED FOR EDGAR FAHS SMITH 


An interesting feature of the occasion was 
the presentation of Dr. Smith’s Phi Beta 
Kappa key to the school by Mrs. Sarru, 
The building contains twenty-six class. 
rooms; metal and woodworking shop; 
cooking and sewing rooms; a large 
gymnasium, partitioned into two rooms 
for boys’ and girls’ classes; boys’ and 
girls’ locker rooms, each equipped with 
showers; two rooms equipped as science 

















Edgar Fahs Smith Memorial Collection, 
University of Pennsylvania 


TABLET COMMEMORATING Dr. EDGAR FAHS SMITH’S SERVICES TO SCIENCE AND TO EDU- 
CATION PRESENTED BY THE YORK County ALUMNI ASSOCIATION 


with a tablet commemorating his services 
to science and to education, was presented 
to the school by the York County Alumni 
Association, University of Pennsylvania. 
The presentation address was made by 
CHARLES H. EHRENFELD, a former stu- 
dent of Dr. Smith’s, and the tablet 
was unveiled by Dr. Smith's great-niece, 
Susan SmitH. The principal address 
was made by Provost JosAH H. PENNI- 
MAN of the University of Pennsylvania. 


laboratories; an art room; music room; 
and an excellent library starting with 
2300 volumes. The space provided for 
a future cafeteria will be utilized for 
study-hall purposes. Classrooms are in 
close contact with the main office at all 
times by means of a house phone system. 

The Edgar Fahs Smith Junior High 
School will open with an instructional 
staff of 27 and an enrolment of approxi- 
mately 600 pupils. 
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FINAL PROGRAM, DIVISION OF CHEMICAL EDUCAMQN,/ NEW \ORLEANS” 
Dia iat a igen 228% 


se 


MEETING OF THE A. C. §S. 
March 28 to April 1, 1932 


All details of the general and divisional programs will appear in the March 20 
News Edition of Industrial and Engineering Chemistry. 

Monday will be given over to the Council meeting in the morning, a general pro- 
gram of papers in the afternoon, and an entertainment in the evening. Tuesday and 
Wednesday will be devoted to divisional programs and activities, with general enter- 
tainments in the evening, while on Thursday and Friday opportunity will be given to 
visit the environs of New Orleans. 

The program of papers for the Division of Chemical Education will be confined to 
two half-day sessions on Tuesday and two on Wednesday, as follows: 


TUESDAY, MARCH 29 


9:00 a.m. OWEN L. SHINN, ‘Are Chemists Teaching Chemistry?” 
9:15 a.m. F. R. Georcia, “The Rollins College Experiment.” 
9:40 a.m. B. P. CALDWELL, “Industrial Coéperation in the Education of Chemists.” 

10:00 a.m. H. W. Mosetey and R. J. LANpry, “The Presentation of the Concept of 
Valence in General Chemistry.” 

10:20 a.m. G. FREDERICK SMITH and V. R. SuL.ivan, ‘‘A New and Simplified Color- 
imeter,: Especially Designed for the Colorimetric Estimation of Man- 
ganese by the Periodate Method.” 

10:30 a.m. Intermission. 

10:40 a.m. Aipa M. Dov te, ‘Visual Aids in Chemical Education: The Museum.” 

11:00 a.m. Otto M. Situ, “Organization of Freshman Chemistry Classes at Okla- 
homa Agricultural and Mechanical College.” 

11:20 a.m. C. J. ENGELDER and W. ScuiLiEr, “A System of Micro Qualitative 
Analysis.”’ 

11:40 a.m. Ross A. Baker, ‘‘Pyrophoric Lead as a Demonstration Material.” 

12:30 p.m. Luncheon. La Louisiane Restaurant. 

Brief responses by the president and president-elect of the A. C. S., the 
chairman of the division, the editors of the JouRNAL and Leaflet, Super- 
intendent Bauer of the New Orleans Public Schools, and Professor 
DeMilt of Newcomb College. 

2:30 p.M. Round-Table Discussion. The Thirty-First Yearbook on ‘“‘A Program for 
Teaching Science.”’ 

3:30 p.m. Ear Orto, “What a Chemist Saw at Low Cost in a Summer European 
‘heip,** 

4:00 p.m. RoBERT COLLIER, JR., ‘Along the Trails of the Rocky Mountain National 
Patk,”’ 


WEDNESDAY, Marcu 30 


9:00 A.M. Joint Meeting of the Divisions of Biological Chemistry, Chemical Educa- 
tion, and Medicinal Chemistry. 
Swney BLIss, presiding. 
9:10 am. R.A. Dutcuer, “Some Recent Developments in Biochemistry.”’ 
9:55 a.m. E. D. CAMPBELL, G. B. WALDEN, and G. H. A. Clowes, “‘Some Observa- 
tions on Insulin.” 

10:40 a.M. OLIvER Kamm, ‘‘Chemistry and the Quest for Health.” 
11:25 a.m.. Jack P. MontGoMERY, ‘‘Premedical Requirements in Chemistry.” 
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2:00 p.m. Meeting of the Senate of Chemical Education. 
4:00 p.m. Business Meeting of the Division of Chemical Education. 


As announced in the preliminary program, the Executive Committee of the Diyj- 
sion will meet Monday at 7:30 a.m. and 12:15 p.m. and the editors of the JouRNAL and 
Leaflet will meet at 5:00 p.m. Tuesday. The editors’ dinner will be held at 6:00 px. 
at Galatoire’s Restaurant. Any last-minute requests for information or assistance 
should be directed to the Local Secretary, WALTER G. ALLEE, Isidore Newman School, 


New Orleans, La. 


R. A. BAKER, secretary 


NEW SCIENCE BUILDING AT THE PHILLIPS EXETER ACADEMY 


WILHELM SEGERBLOM, THE PHILLIPS EXETER ACADEMY, EXETER, N. H. 


The departments of physics and of 
chemistry of The Phillips Exeter Academy 
have recently moved into a new building 
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from the two separate buildings which 
have housed these departments for the 
past forty years. This new building is the 
gift of the late Cot. WILLIAM B. THOMPSON 
of Yonkers, New York, a graduate of the 
Academy in 1890, and donor of several 
other buildings, notably the new adminis- 
tration building and the gymnasium and 
associated buildings. 

The new building, called the ‘‘Thompson 
Science Building,’ consists of a central 
unit, approximately 75 by 60 feet, of three 
stories and an attic, and two wings each of 
two stories and about 36 by 50 feet. A 
basementextends under the entire building. 

The building is of brick with white 
exterior trim. Two entrances on the 
front face the new quadrangle being 
developed in the “Yard.” An entrance 
on the south opens directly into the 


physics lecture room. On the rear is a 
students’ entrance to the basement and a 
ramp entrance for delivery of supplies. 
Two stair wells extend from basement to 
top floor with minimum wastage of floor 
space. The floors throughout the building 
are nine-inch-square mastic tile. The 
walls of the laboratories, stockrooms, and 
stair wells are finished in special, chemical 
resistant, glazed, hollow brick of restful, 
pleasing color. All plumbing and piping is 
exposed or put in paneled-wall compart- 
ments for ease in making repairs. Special 
anti-glare electric light fixtures are used 
throughout the building. Plumbing 
fixtures in the chemical laboratories are 
of dull nickel; in the remainder of the 
building they are of chromium plate. 
Since the building is heated from the 
central heating plant, the two chimneys 
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are dummy chimneys starting from the 
attic floor level and serving simply as 
exits for the ventilation ducts. 
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THOMPSON SCIENCE BUILDING, THE PHILLIPS EXETER ACADEMY 


The first floor is devoted entirely to 
physics, the second and third to chemistry, 
while the basement is shared by both 
departments. 

The first floor comprises a large labora- 
tory, a lecture room, a commodious stock- 
room, two small classrooms, preparation 
room, shop, coat room, and three offices, 
one having an adjoining private laboratory 
for instructor’s use. The physics labora- 
tory is supplied with eight working tables, 
amply equipped, with electric current and 
other appliances including sliding black- 
boards and apparatus cases. The lecture 
room seats 140 students, has sloping floor, 
stationary chairs, fully equipped demon- 
stration table, sliding blackboards, screen 
and lantern equipment, and _ celotex 
ceiling for sound deadening. The stock- 
room, generously supplied with apparatus 
cases, adjustable shelving and sink, is in 
the center of the building between the 
laboratory and corridor. 

The basement contains a large examina- 
tion room for physics, coat room, toilets 
for students, janitor’s room, a room for the 
student organization called the ‘Scientific 
Society,” a photographic dark room, a 


stockroom for surplus physics apparatus, 
a similar one for chemistry, besides rooms 
for storage batteries, motor-generator, 
ventilation fans, compressed air pump, etc. 
The acid room is equipped with ledges to 
hold carboys, shelves for bottles, com- 
pressed air for emptying carboys, sink with 
hot, cold, and distilled water, flush faucet 
for emergency use, and floor drain. 

Accommodations for 192 students in 
elementary chemistry and 20 second-year 
students are supplied on the two upper 
floors. An ‘‘elementary chemistry unit” 
consists of a combination class and labora- 
tory room with demonstration table, 
movable-tablet armchairs for twelve stu- 
dents, two rows of laboratory tables, 
sliding blackboard, stationary blackboards, 
and wall shelves. A ceramic wall sink 
with alberene drain board and with hot, 
cold, and distilled water is for general use. 
Steam radiators, a univent, and exhaust 
wall grills take care of heating and ordinary 
ventilation. In the ceiling above the 
demonstration table are flood-lights for 
illuminating exhibits on the table. 

The laboratory tables have been 
specially designed and embody several 
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attractive features. They are built in 
units of eightlockers, four ona side. Three 
of these double units with large ceramic 
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sinks reaching the full depth of the 
double units form a row. This row is 
supplied with alberene reagent shelf, with 
gas, cold water, and conduits for electric 
outlets running the full length. Com- 
pressed air is piped to one end of the row. 
Lockers are of wood; tops of alberene. 
The room contains two of these rows, thus 
accommodating four sections of twelve 
students each. Each student has four 
running feet of table top on which to work, 
but his apparatus is stored in a space 
below the table top taking not over one 
running foot of top. This is accomplished 
by an ingenious arrangement of four 
drawers covered by a single panel door 
equipped with a combination master-key 
lock. 

There are no wall hoods. Each unit has 
a transite T-shaped hood equipped with 
dampers for heavy and for light gases and 
with hinged windows for protection 
against spattering. Transite ducts, one 
for each hood, carry the fumes straight 
down through the floor into metallic 
chemical-proof ducts running in channels 
in the ceiling of the room below to the 
vertical ceramic flues, whence the gases 
are carried to the fans in the attic. Wall 
switches with red pilot lights control the 
hoods. 

There are four of these ‘elementary 
chemistry inits’’—two on the second floor 
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and two on the third: these enable four 
teachers to be conducting work at the same 
time, each independently of the other 
three. 

The unit for the second-year chemistry 
is in one wing and consists essentially of 
the same equipment as the elementary 
unit, except that the lockers are larger, 
and each student has two lockers and 
more elaborate shelving for reagents. The 
table tops in this room are of wood with 
acid-resistant treatment. 

Each of the five chemistry laboratories 
is equipped with a fire blanket and a 
recessed shower bath for use in case of 
accident. 

Distilled water is distributed to all the 
laboratories through block tin pipe froma 
50-gallon-tank, gas-operated still located 
on the third floor. 

A storeroom for distribution of chemical 
supplies is located in the center of the 
second floor adjacent to the laboratories 
and corridors. A similar storeroom sup- 
plies the third floor. Elevator service 
connects all three storerooms with the 
basement stockrooms. 

Both departments are supplied with wall 
panels for adjusting the voltage of the 
electric current supplied to the various 
students and demonstration tables. 

The walls of the corridors on the second 
and third floors are lined with thirty-three 
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exhibition cases for the Academy’s well- 
known chemical collection. The shelves 
are adjustable and of glass. The doors, 
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four by six feet in size, are glazed with 
one entire sheet of glass. Frosted cyl- 
inder bulbs illuminate the interior of the 


cases. 
The chemistry department is further 
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equipped with a large lecture room similar 
to the physics lecture room, a preparation 
room, two balance rooms, and five offices 
for instructors, one with a private labora- 
tory. 


GEORGE L. COYLE, S.J. 


The announcement by Georgetown Uni- 
versity of the death of the REVEREND 
GrorcE L. CoyLz, S.J., eminent educator, 
scientist, and priest who died suddenly 
in New York, on January 16, came as a 





thorough shock to every one who was ever 
favored by his association and profound 
friendship. He was for the past eight 
years head of the department of chemistry 
of Georgetown and has been widely ac- 
claimed for his institution of the Chemo- 
Medical Research program of the uni- 


versity. 


Father Coyle was born in Philadelphia, 
December 11, 1869, and was graduated 
from LaSalle College of that city in 1886, 
receiving an A.B. degree. During the 
next year he entered the Society of Jesus 
and was ordained to the Holy Priesthood 
in 1908. In the year 1904 Fr. Coyle 


received the Ph.D. degree from Wood- 
stock College, Md. In 1907 his second 
Ph.D. degree was conferred upon him 
by Géttingen College, Germany, where 
he had spent two years in research. 
Returning home he was awarded a third 
Ph.D. degree by Georgetown University 
in 1908. He was appointed to Holy Cross 
College as head of the chemistry depart- 
ment and remained there until 1923. He 
was then assigned to Georgetown Uni- 
versity as professor of organic chemistry 
and director of the chemistry department 
and held this position until his death. 

Few men have enacted their réle in life 
more honorably or left behind a more 
revered and cherished memory than this 
exemplary man. He was highly esteemed 
for his simplicity, ready wit, keen mind, 
sincerity of purpose, and boundless affec- 
tion for his fellow-beings. 

As an educator he was kindly, genial, 
patient, self-sacrificing, and will live long 
in the affectionate remembrance of the 
thousands of students whose characters 
he helped to mold, many of whom are now 
leaders in the social, political, business, and 
religious fields. 

As a scientist he was indefatigable, 
acute, thorough, and to the end was 
intensely interested in the progress of 
science in general and of chemistry in 
particular. We find evidence of his 
especial interest in this subject manifested 
by the Chemistry Academies he established 
and fostered for the purpose of further 
enlightening the students and instilling in 
their minds a respect and love for the 
profession of chemistry. His interest is 
further shown by the research he per- 
formed and the books he wrote and edited. 

It was during his stay at Georgetown 
University that he recognized, in the 








770 JOURNAL OF CHEMICAL EDUCATION 


recommendations of the scientific leaders 
to the American Chemical Society for a 
concerted attack on disease and the hidden 
secrets of the body, an imperative call of 
duty to his country and to humanity. 
Answering this summons he conceived 
plans for the establishment of a Chemo- 
Medical Research Institute to be erected 
on the grounds of Georgetown University. 

Father Coyle energetically devoted the 
last eight years of his life to the ac- 
complishment of this end. In his zeal 
he made many trips throughout the land in 
an effort to stimulate patriotic and philan- 
thropic citizens of wealth to help carry on 
this superbly humanitarian project. 
One year before his death he was 
fortunately allowed the happiness of seeing 
the seed of his ambition modestly take 
root and sprout in the shape of a small 
temporary laboratory in the medical 
building of the university. 

He was a member of many scientific 
societies among which are the American 
Chemical Society, of which he was a 
councilor from 1919 to 1923, the Ameri- 
can Association for the Advancement 
of Science, the Washington Academy 
of Sciences, the Franklin Institute of 
Philadelphia, the American Association of 
University Professors, the American 
Philosophical Society, and the Chemistry 
Teachers’ Association of the District of 
Columbia, for which he served as chairman 
during its first year. In 1925 he was a 
representative of the Chemical Society 
on the National Research Council and 
acted as chairman of the committee on the 
investigation of ‘‘The Construction and 
Equipment of Chemical Laboratories.’ 
He was editor of the book ‘Chemical 
Laboratory Construction and Equip- 
ment,’”’ which is recognized by scientists 
as the finest work on the subject. He was 
the author of a system of qualitative 
analysis. In research his attention was 


devoted to the investigation of acid 
analysis, salts, fermentation, and heart- 
stimulating drugs. 

In the death of Fr. Coyle society 
lost an estimable member, education a 
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benign and _ understanding Professor, 
science an ardent votary, and the church 
a devoted priest. 


LANGMUIR WINS POPULAR SCIENCE 
MONTHLY $10,000 ANNUAL AWARD 
FOR OUTSTANDING SCIENTIFIC 

ACHIEVEMENTS* 


The Popular Science Monthly Annual 
Award of $10,000 for notable scientific 
achievement has been conferred upon Dr, 
IrRvinG LANGMUIR, research chemist and 
physicist and assistant director of the re- 
search laboratories of the General Electric 
Company, at Schenectady, N. Y...., 





The award, together with the gold medal 
commemorating it, was presented to 
Dr. Langmuir in New York City a short 
time ago. 

This was the second bestowal of the 
Popular Science Monthly Award, the 
largest prize for scientific accomplish- 
ment in the United States. The award 
was established two years ago for the 
double purpose of honoring Americany 
who have done notable scientific work 
and of stimulating the public mind to 4 
greater appreciation of the values of 
scientific investigation. 





* Reprinted by permission of Popular 
Science Monthly. 
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Last year, the prize was awarded jointly 
to Dr. GEORGE H. WHIPPLE, of the Uni- 
versity of Rochester, and Dr. GrorcE R. 
Minot, of Harvard University, in recog- 
nition of their discovery and development 
of a cure for pernicious anemia. [See 
J. Cuem. Epuc., 8, 396 (Feb., 1931).] 

Scientists throughout the country ex- 
pressed deep gratification when it became 
known that Dr. Langmuir had been se- 
lected for the distinction this year by the 
twenty-two prominent men of science 
constituting the Committee of Award. 
[For the personnel of this committee, 
see Pop. Sci. Mo., 120, 26 (Apr., 
1962)... °. 





The Committee left no stone unturned 
in its effort to find the candidate most 
deserving of the honor. The entire 
American field of science was covered 
thoroughly. Every university and col- 
lege in the country, all of the scientific 
societies, every industrial research or- 
ganization, and various departments of 
the United States Government, nearly 
1800 organizations in all, codperated 
in the search. 

Shortly after the prize had been awarded 
for the first time a year ago, these bodies 
were requested to nominate men in their 
own or any other field whose work they 
deemed worthy of the distinction. In the 
ensuing months, the names of hundreds of 
candidates, representing virtually every 
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department of scientific endeavor, were 
submitted. 

The Committee then began the pro- 
digious task of investigating each claim. 
This work was carried out with the ut- 
most care, until the number of contenders 
was reduced to eighty-three. The final 
choice was made from this group. 

Dr. Langmuir’s distinguished service 
in the cause of science covers a period of a 
quarter century. Today, he stands in 
the forefront of American physicists. 
In scientific circles the world over, he is 
famed for his contributions to the knowl- 
edge of atomic structure; the theory 
of the single molecular layer; the heat of 
atomic hydrogen and its application to 
electric arc welding; the effects of gases 
on electrically heated filaments as applied 
to gas-filled tungsten lamps, and the 
laws of electron emission as applied to 
radio and other vacuum tubes. 

The fruits of this formidable series of 
studies and experiments were not per- 
mitted to remain in the laboratory, but 
have been translated into improvements 
that add to the comfort and pleasure of 
virtually every man, woman, and child 
in this country. 

Dr. Langmuir’s outstanding achieve- 
ment from the practical point of view is his 
invention of the nitrogen-filled incan- 
descent electric light bulb. He was the 
first to apply argon and nitrogen to tung- 
sten lamps. This improvement has re- 
duced by fifty per cent. the cost of more 
than half the electric current bought in 
the United States for lighting purposes. 
In terms of actual cash, it saves the Ameri- 
can public more than a million dollars a 
night on its billion-a-year electric light 
bill. 

The gas-filled lamp is only one of several 
practical results of Dr. Langmuir’s ex- 
tensive researches. He has carried out 
successful work on the vacuum lamp and 
on radio tubes. His long study of atomic 
hydrogen led him to the atomic hydrogen 
flame, the use of which in welding is 
expanding rapidly. 

Before Dr. Langmuir became associated 
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with the General Electric Laboratories 
more than twenty years ago, electrical 
experts, from Edison down, had tried to 
improve the vacuum of the’ incandescent 
lamp. In his vacuum studies, Langmuir 
exhausted empty lamp bulbs and bulbs 
containing filaments at all possible tem- 
peratures. For days he operated lamps 
under liquid air, and he devised a method 
of exhausting lamp bulbs heated close to 
their melting point. 

With his co-workers, he literally spent 
years doing such work. They conducted 
extensive experiments in which the slight- 
est traces of various gases were put into 
the most perfectly evacuated bulbs, and 
their reactions, absorptions, and dis- 
tributions were studied. This work has 
never really stopped, and the original 
apparatus, still in use, may be destined 
to contribute further to the science of 
atomic and electronic physics. 

Langmuir’s discovery of the atomic 
welding arc, in 1927, also was a product 
of gradual growth and patient, persistent 
research. By means of this remarkable 
device, hitherto unweldable metals can be 
melted and fused without a trace of 
oxidation, and in some cases welding 
can be performed on paper-thin metal 
sheets. 

The secret of the process lies in the pas- 
sage of a stream of hydrogen through the 
arc between two electrodes. The heat 
of the arc breaks the hydrogen molecules 
up into atoms. These atoms recombine a 
short distance beyond the arc into mole- 
cules of the gas, and this process liberates 
an enormous amount of heat, so that more 
effective temperatures can be obtained 
than with ordinary welding methods. 

For fifteen years prior to this invention, 
Langmuir experimented with incandescent 
filaments in hydrogen gas. In the course 
of these studies, he discovered evidence 
indicating the splitting of hydrogen atoms, 
a process that absorbed a tremendous 
amount of heat. His conclusion that 
their recombination would liberate an 
equally great amount of heat led him to his 
invention. 
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While conducting these and other re. 
searches, he published articles on the 
dissociation, or splitting, of hydrogen in 
1911, 1912, 1914, 1915, and 1916. The 
atomic-hydrogen arc-welding process was 
completed in 1926, and perfected for 
practical use a year later. 

During the last twenty years, his pub. 
lished researches on fundamental physical 
and chemical subjects have averaged 
seven each year, all of them original work. 
They cover such widely different fields 
as chemical reactions at low pressures; 
conduction, convection, and radiation of 
heat; vapor pressures of metals; new 
vacuum pumps and vacuum gages; crys- 
tal and atomic structure; electronic and 
ionic currents; high-power vacuum tubes; 
and theories of absorption and evapora- 
tion. 

Born in Brooklyn, N. Y., in 1881, 
Langmuir was graduated from the School 
of Mines of Columbia University in 1903. 
He continued his studies at the University 
of Géttingen, in Germany, where he re- 
ceived his Master’s degree and his Doc- 
torate of Philosophy. Returning to this 
country, he served the Stevens Institute of 
Technology, Hoboken, N. J., as instructor 
of chemistry from 1906 to 1909, after 
which he became connected with the 
research laboratories of the General 
Electric Company. 

Dr. Langmuir has been the recipient of a 
number of honorary degrees and other dis- 
tinctions. Northwestern University con- 
ferred upon him the degree of Doctor of 
Science in 1921, and in the same year 
Edinburgh University, Scotland, conferred 
the honorary degree of Doctor of Laws. 
He received the degree of Doctor of Science 
from Union University, Jackson, Tenn., 
in 1923, from Columbia University in 
1925, and from Kenyon College, Gambier, 
Ohio, in 1927. 

Twice Dr. Langmuir was awarded the 
Nichols Medal by the New York Section of 
the American Chemical Society; in 1915 
for his work on chemical reactions at low 
pressures, and in 1920 for work on atomic 
structure. In 1918, the Royal Society of 
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London bestowed upon him the Hughes 
Medal for his researches in molecular 
physics; and the American Academy of 
Arts and Sciences, in 1920, awarded him 
its Rumford Medal for his thermionic 
researches and his gas-filled lamp. In 
1925, he was the recipient of the Can- 
nizzaro Prize from the Royal Academy 
of Lincei, in Rome, Italy, and in 1928 of 
the Perkin Medal. 


SCIENCE TALKS FOR SCHOOLS 
AVAILABLE ON PHONOGRAPH 
RECORDS 


A novel aid to science education was 
made available recently when Science 
Service, the institution for the populariza- 
tion of science, introduced to the school 
world an experimental series of science 
addresses recorded phonographically by 
seven eminent scientists. 

How the science classes of American 
schools will have the opportunity of 
meeting eminent scientists through the 
medium of these new Science Service 
phonograph records was demonstrated at 
the exhibition of the National Education 
Association recently held in Washington. 

A new type of long-playing durium 
phonograph record, playable on any 
ordinary phonograph, is used. The cost 
of the records is so low that they should be 
used widely as a new teaching tool. 

“The Science Service phonograph records 
will not usurp the place of the teacher,’’ 
Watson Davis, managing editor of Science 
Service, explained today. ‘It will be just 
as though Dr. Millikan and the other six 
scientists we have recorded were to visit 
the teacher’s classroom and deliver short 
talks to the pupils.” 

Seven of America’s leading scientists 
have coéperated with Science Service in 
this educational experiment. Dr. ROBERT 
A. Miuican, Nobel prize physicist, talks 
on “The Rise of Physics’; Dr. Joun C. 
MERRIAM, president, Carnegie Institution 
of Washington, tells of “The Record of the 
Rocks”; Dr. Epwin G. CoNKLIN, Prince- 
ton University, talks on ‘“The Mystery of 
Life’; Dr. L. H. BAEKELAND, inventor 
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of bakelite, speaks on ‘‘Chemistry and 
Civilization’; Dr. Wimtt1Am H. WELCcu, 
The Johns Hopkins University, talks on 
“The Fiftieth Anniversary of the Dis- 
covery of the Tubercle Bacillus’; Dr. 
Wit1am M. Mann, director, National 
Zoélogical Park, talks on “Our Animal 
Friends”; and Dr. Kart T. ComprTon, 
president, Massachusetts Institute of 
Technology, discusses ‘‘Science and Engi- 
neering.” 

With each phonograph record the 
teacher will be furnished a_ beautiful 
gravure process portrait of the speaker for 
display when the record is played to the 
class. As Science Service is an endowed 
educational and scientific institution not 
operated for profit, the set of seven records 
and portraits will be made available at the 
very nominal cost of only $3 for the set. 

Since the Science Service phonograph 
records can be used at any time at the 
discretion of the teacher, it is believed 
that they will be more adaptable to the 
classroom than radio instruction. Since 
the Science Service phonograph records are 
inexpensive, they will prove more widely 
available than motion pictures. Surveys 
have shown that practically all schools 
own or have access to phonographs on 
which the records can be played. 

Chemical science made possible the 
low-cost production of the Science Service 
long-playing phonograph records. The 
durium record used consists of a thin layer 
of a synthetic resin applied to a piece of 
pressboard. The strength of this man- 
made resin allows the sound grooves to be 
placed very close together, nearly doubling 
the time of playing. The durium resin 
also assures long life and faithful repro- 
duction of the sound. 

Science Service has its offices in the 
building of the National Academy of 
Sciences and the National Research 
Council in Washington, D. C., and it 
functions under the control and auspices 
of the leading scientific organizations of 
America. Dr. J. MCKEEN CATTELL, psy- 
chologist, is president and Dr. W. H. 
HowE.L., physiologist, is vice-president 
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and chairman of its executive committee. 
Its trustees include such eminent scientists, 
educators, and public men as: Dr. 
BurTON E. Livincston, The Johns Hop- 
kins University; Dr. RAYMOND PEARL, 
The Johns Hopkins University; Dr. R. 
A. MILuikaN, California Institute of Tech- 
nology; Dr. Davip WuirtE, U. S. Geologi- 
cal Survey; Dr. VERNON’ KELLOGG, 
secretary emeritus, National Research 
Council; Dr. C. G. ApBpBort, secretary, 
Smithsonian Institution; Dr. H. E. Howe, 
editor, Industrial and Engineering Chem- 
istry; Dr. JoHN H. FINLEY, associate edi- 
tor, New York Times; MARLEN E. Pew, 
editor of Editor and Publisher; Marx 
SULLIVAN, writer, Washington, D. C.; 
Harry L. SmirHTon, Cincinnati, Ohio; 
Rospert P. Scripps, Scripps-Howard 
Newspapers; and THomas L. Srpio, Cleve- 
land, Ohio. Science Service publishes 
the weekly summary of current science, 
the Science News Letter, and furnishes 
authoritative news reports on science to 
coéperating newspapers. 

The Science Service phonograph records 
are produced with the manufacturing co- 
operation of Durium Products, Inc., New 
York City, who developed the process for 
the long-playing inexpensive durium rec- 
ord.— Science Service 


U. S. CONTINUES SUPPORT OF 
INTERNATIONAL SCIENCE 
DESPITE DEPRESSION 


International scientific conferences and 
bureaus this year will in most cases con- 
tinue to receive codperation from the 
U. S. government, despite the world 
depression. 

In the State Department appropria- 
tion bill reported to the House, provision 
is made for $29,986 for the Pan-American 
sanitary bureau; a little over $3000 for 
the International Office of Public Health; 
the sum of $90,000 for U. S. participation 
in the 1932 International Radiotelegraph 
Convention at Madrid, and $5790 for 
participation in the work of the Inter- 
national Hydrographic Bureau; likewise 
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$2000 for the American Internationa] 
Institute for the Protection of Childhood. 

The Committee on Appropriations 
however, refused to grant any money fee 
U. S. participation in the Internationa] 
Council of Scientific Unions, and reported 
that since this was not a treaty obligation, 
the United States should withdraw. 

WiLBur J. Carr, Assistant Secretary 
of State, told the House committee that it 
was vitally important to American radio 
interests that we should participate in the 
Madrid, conference this year, and have a 
sufficient number of delegates there, so 
that the United States could be repre- 
sented on most of the committees. 

Other witnesses told the House group 
that radio frequencies are becoming scarce; 
that the United States now has fifty per 
cent. of the radio frequencies, and “at the 
present time nobody knows exactly what 
right flows from the fact that we got on 
those frequencies first, but we are sitting 
pretty at the present time, and it is im- 
perative that we be very careful to look 
out for our position...” 

Irvin Stewart of the State Department 
said: ‘‘On my desk at the present time are 
sixteen interference complaints that the 
Secretary of the Navy has sent over com- 
plaining about interference with Navy 
stations by Japanese stations and others.” 
—Science Service 


SCIENTISTS OF WORLD COOPERATE 
IN ATTACK ON HEART OF MATTER 


At a time when efforts to achieve inter- 
national codperation often seem futile, 
scientists of all countries continue to work 
harmoniously together. 

Scientists have probably been the most 
cosmopolitan of any group of people. 
For the past hundred years they have 
visited freely with fellow scientists of 
different nationalities, exchanging ideas 
that have advanced knowledge. Wat 
alone has retarded their progress. 

A problem on which there has been 
unusual international coéperation is that 
of learning more about the ultimate con- 
stitution of matter and tapping the energy 
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of the atom itself. During 1931, for 
example, scientists of Germany, England, 
and the United States greatly advanced 
knowledge in this field. 

In view of recent tremendous achieve- 
ments and the fact that codperation among 
scientists is succeeding while it is appar- 
ently failing among nations, it is of special 
interest to summarize advances on which 
present knowledge of the atom core is 
based. 

Science Service has prepared a summary 
of twenty-five outstanding achievements 
since 1816 when the first step toward 
understanding the nucleus of the atom 
was taken in the form of a suggestion that 
all elements are made up of hydrogen 
atoms. ‘ 

The list, with dates and countries in 
which the discoveries were made, follows: 


1816—All elements aré made up of hy- 
drogen atoms, WILLIAM PROUT sug- 
gested. England 


1871—The elements were arranged in 

order of the weights of their atoms by 

D. MENDELE£EFF and LoTHAR MEYER 
to form the periodic table. 

Russia, Germany 

1895—-X-rays were discovered by W. K. 

RONTGEN. Germany 


1896—The nucleus of the element uranium 
gives off radioactive rays (alpha, beta, 
and gamma) which penetrate all mate- 
rials, A. H. BECQUEREL found. France 
1897—The negative electron which with 
the proton, the positive ‘‘electron’’ (or 
hydrogen atom core), makes up all 
atoms, was discovered by J. J. THOMSON. 
England 

1898—Radium, whose nucleus is con- 
stantly breaking up or disintegrating by 
emitting alpha and beta particles, was 
isolated by PIERRE and MarRIE CuRIE. 
France 

1900—Foundations of the quantum the- 
ory, which is based on the idea that 
energy is in lumps or quanta, were laid 
by Max PLANCK. Germany 
1904-09—Alpha rays from radigactive 
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substances are high-speed helium nuclei, 
it was shown by W. Ramsay, F. Soppy, 
E. RUTHERFORD, and T. R. Boyps, 
England 
1911—The theory of the ‘‘nuclear” atom, 
holding that nearly all the weight and 
all the positive charge are concentrated 
in a small central nucleus was proposed 
by E. RUTHERFORD. England 
1911—The number of negative electrons 
on the outside of the atom was found by 
C. G. Barxra from a study of the 
scattering of X-rays. England 
1912—The possibility of isotopes, that is, 
that atoms of different nuclear weights 
might have exactly the same chemical 
properties, was suggested by F. Soppy. 
England 


1912—The rare gas neon actually has 
nuclei of two different weights, J. J. 
THOMSON showed. England 


1913—Laws of atomic disintegration 
which tell how the nucleus changes in 
the radioactive breakdown of an element 
were discovered by F. Soppy, K. 
Fajans, and A. S. Russert. England 


1913—NiE_s Bour announced his famous 
theory of the atom which combined 
Rutherford’s “nuclear” atom with the 
ideas of the quantum theory and meas- 
urements of spectra. Denmark 


1914—-How to locate an atom in the 
periodic table from a study of X-ray 
wave-lengths was learned by H. MosE- 
LEY. England 

1919—An element was transmuted arti- ’ 
ficially for the first time when E. 
RUTHERFORD knocked the hydrogen nu- 
cleus out of nitrogen nuclei with fast 
alpha rays, which are speeding helium 
nuclei. England 


1919-32—Weights of the isotopes of 
most of the chemical elements were 
measured by F. W. Aston who thus 
showed that Prout had been nearly 
right in thinking (in 1816) that the 
weight of any atom is an exact multiple 

of the weight of the hydrogen atom. 
England 
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1922—Boron, fluorine, sodium, aluminum, 
and phosphorus were artificially dis- 
integrated by E. RuTHERFORD and 
J. C. Cuapwicx. England 
1925—-The new quantum mechanics of the 
atom to replace Bohr’s simple theory 
was set up by W. HEISENBERG, E. 
ScuRODINGER, P. A. M. Dirac (En- 
gland), and P. JorpDaNn. 
Germany, England 
1929—A high wall of force was pictured 
by G. Gamow surrounding the atom 
nucleus. Germany 
1931—-Energy of the nucleus, as well as 
that of the outer shell of the atom, is in 
lumps or quanta, J. C. CHADWICK, 
J. E. R. ConstaB.e, and E. C. POLLARD 
showed. England 
1931—The table of atom nuclei was 
systematized and unknown isotopes, 
some of which have since been found, 
were predicted by W. M. LATIMER, 
H. C. Urey, H. L. Jounson, R. T. 
Birce, and D. H. MENZEL. 
United States 
1931-32—The existence of a double 
weight hydrogen isotope was shown by 
F. G. BRICKWEDDE, H. C. Urey, G. M. 
Mourpny, F. ALiison, and W. BLEAK- 
NEY. United States 
1932—Some atom nuclei appear to vibrate 
in step with an approaching alpha par- 
ticle, H. Poszk and G. HorrMan showed. 
Germany 


1932—Energy of the atom nucleus was 

tapped for the first time when W. BoTHE 

produced artificial cosmic rays by bom- 

barding the metal beryllium with alpha 

particles. Germany 
—Science Service 


DOUBLE WEIGHT HYDROGEN 
ATOMS PROVED BY NEW TEST 


Newly discovered hydrogen atoms are 
really twice as heavy as those of ordinary 
hydrogen. Direct electromagnetic weigh- 
ing of the new double-weight atoms carried 
out at Princeton by Dr. WALKER BLEAK- 
NEY, in his mass-spectrograph at the 
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Palmer Physical Laboratory of Princeton 
University, confirm the recent discovery 
of the new isotopes at Columbia U niversity 
[see J. Cuem. Epuc., 9, 390 (Feb., 1932)] 
and establish its atomic weight as two. 

Dr. Bleakney, for these experiments, 
borrowed the tube of hydrogen specially 
concentrated by Dr. F. G. Brickweppr 
in the low-temperature laboratory of the 
U. S. Bureau of Standards, in which the 
heavy new isotope was actually dis- 
covered by Pror. HaARoip C. Urey and 
Dr. G. M. Murpny by analysis in their 
spectroscope at Columbia. 

The mass-spectrograph, which weighs 
individual atoms, chief instrument used in 
the discovery of chemical isotopes, had not 
been used before to test for the double- 
weight hydrogen isotope because scientists 
believed that the compound of hydrogen 
atomic weight two with an ordinary 
hydrogen atom of atomic weight one could 
not be distinguished from the triple ion 
consisting of three ordinary hydrogen 
atoms, each having atomic weight one. 
Changes in the pressure of the hydrogen, 
however, Dr. Bleakney deduced, should 
distinguish between these two kinds of 
triple-weight particles. His experiments 
confirming this prediction, the existence of 
the new double-weight isotope was again 
established. 

One atom of double-weight hydrogen to 
every 1100 ordinary atoms was found in 
this concentrated sample, or one part in 
550 by weight, as estimated roughly by 
Prof. Urey. 

Simultaneously a new and more precise 
two-ton mass spectrograph to weigh the 
new hydrogen isotope more accurately 
has just been completed by Dr. KENNETH 
T. BAINBRIDGE at the Bartol Research 
Foundation of The Franklin Institute in 
Swarthmore, Penna. With this apparatus 
Dr. Bainbridge hopes to find the slight 
difference in weight between the new 
double hydrogen atom and the ordinary 
hydrogen molecule consisting of two single- 
weight hydrogen atoms. From _ this 
measurement scientists will calculate the 
“‘packing fraction’? for the new isotope 
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which will give important information 
about the constitution of all atom cores.— 
Science Service 


APPARENT BLUNDER LED TO NEW 
ELEMENT DISCOVERIES 


The chemical method that enabled the 
finding of the last two chemical elements, 
virginium and alabamine, was itself dis- 
covered by following up an apparent 
experimental blunder, PROFESSOR FRED 
Auuison of the Alabama Polytechnic 
Institute, the inventor, told the American 
Institute of Mining and Metallurgical 
Engineers meeting recently in New York. 

At first scientists doubted its power to 
detect one part of a chemical substance in 
a hundred billion of water which contained 
numerous other substances in solution. 
But now the magneto-optic apparatus, 
perfected from an accidental beginning, 
has proved itself completely successful, 
Prof. Allison claimed. Besides enabling 
him to discover the most elusive elements, 
numbers 85 and 87, it has proved the 
existence of the new double-weight hy- 
drogen isotope and has discovered for a 
first time new isotopic atoms of seven 
heavy metals, including gold and platinum. 

The four models of the apparatus in 
operation at Auburn have given com- 
pletely concordant results in the hands of 
competent observers even when the 
amounts of substance were too small to 
be found by any other method of analysis. 
An improved form of the apparatus at 
Emory University, Atlanta, Georgia, has 
been used by Pror. J. L. McGuHee and 
MARGARET LAWRENz to verify Prof. 
Allison’s analyses and to refute criticisms 
of the method. 

Industrial chemical analysts and scien- 
tific researchers, Prof. Allison claimed, will 
soon find wide applications for the mag- 
neto-optic apparatus, which depends on 
the time lag in the effect observed when 
a beam of polarized light passes through 
a magnetized column of the liquid to be 
analyzed. 

Not only will the method detect ex- 
tremely small amounts but it can tell 
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how much is present. The magneto- 
optic method has the advantages that the 
analysis can be carried out in the presence 
of other substances and that the sample 
itself is not affected by the process as in 
a routine chemical analysis.—Science 
Service 


ISOLATION OF VITAMIN B FOL- 
LOWED NEW LINE OF RESEARCH 


The isolation in pure form of the anti- 
neuritic vitamin B is the result of a new 
line of research developed at Géttingen by 
Pror. ADOLF WINDAUS of the University of 
Géttingen. In reporting his isolation of 
this vitamin to the German scientific 
journal, Zeitschrift fir Physiologische 
Chemie, Prof. Windaus described his 
method. 

In the early stages of his work Prof. 
Windaus followed the lines tried by other 
investigators in an effort to obtain the 
vitamin, but later he struck out on a line of 
his own. He isolated the gold salt of a 
crystalline substance thought to contain 
vitamin B. These yellow crystals were 
then decomposed with hydrogen sulfide. 
After further chemical procedures, Prof. 
Windaus obtained a substance he believes 
to be the vitamin itself, which he found 
to have the chemical formula of C,2Hj7- 
N;30S. 

Other studies showed that it is a base. 
Prof. Windaus found a way of combining 
the vitamin with hydrochloric acid to form 
the hydrochloride. He also investigated 
its absorption spectrum to check up on its 
chemical composition, and he performed 
tests with the vitamin on pigeons. He 
found his preparation nearly four times as 
powerful as crystalline material isolated 
by earlier investigators who thought they 
had obtained the vitamin in pure form. 

Vitamin B is now thought to be a 
complex substance made up of several 
vitamins. The one investigated by Prof. 
Windaus, called B; by some investigators, 
is the one which protects pigeons and other 
non-human animals against the disease 
known as polyneuritis and man against 
beri-beri. Some authorities believe that 
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rheumatism may be due to insufficiency 
of this vitamin in the diet. It is found in 
many foods, among them milk, egg-yolk, 
fruits, and nuts, but is particularly preva- 
lent in yeast and the germs of cereals. 
Another part of the vitamin B complex 
is the factor thought to protect man 
against the disease pellagra, and called 
vitamin G by American scientists— 
Science Service 


VITAMIN C DERIVED FROM POISON 
FOUND IN OPIUM 


The parent substance of the life-essential 
scurvy-preventing vitamin C is none other 
then the poison narcotine, investigations of 
Dr. Otto RycGu, his wife, Dr. AaGcotr 
RyGu, and Dr. PER LALAND of Oslo have 
shown. Narcotine is one of the alkaloid 
poisons found in opium and is related to 
morphine, but in spite of its name does not 
have any narcotic effect. It is trans- 
formed into vitamin C during the ripening 
of fruits and vegetables. 

The isolation of vitamin C and discovery 
of its parent substance came as a result of 
studies of the occurrence of the vitamin in 
various fruits and vegetables, such as 
oranges, lemons, tomatoes, white cabbages, 
and potatoes. The Norwegian scientists 
found that narcotine was present in the 
unripe fruits but gradually disappeared as 
the ripening proceeded and the ripe 
products contained the vitamin but no 
narcotine. 

Guinea-pigs were then fed on a diet con- 
taining narcotine and on a diet containing 
narcotine that had been exposed to ultra- 
violet light; both groups of guinea-pigs 
died at the same time, but the group that 
had been fed on the solarized product 
showed no signs of scurvy while the other 
group was severely affected with it. 

It was next found that methylnor- 
narcotine, derived from narcotine, could 
prevent or relieve scurvy. It was also 
found that narcotine was converted into an 
anti-scorbutic by submitting it to the 
action of germinating seeds.— Science 
Service 
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WARNING FOLLOWS FATAL Mis. 
TAKE OF BICHLORIDE TABLETS 
FOR ASPIRIN 


A man died recently in Philadelphia 
as a result of mistaking bichloride of 
mercury tablets for aspirin. This fatal 
accident might not have occurred if the 
poison tablets had conformed in shape and 
color to the requirements of the U. §, 
Pharmacopeeia, E. FULLERTON Cook, 
chairman of the committee on revision of 
the U. S. Pharmacopeeia, points out in a 
warning just issued to manufacturers, 
wholesalers, and retailers of drugs through- 
out the country. 

The tablets in this case were white and 
disk-shaped like aspirin tablets. They 
were marked ‘‘Poison” in raised letters, 
This, however, could easily have been 
overlooked, especially as aspirin tablets 
also carry a raised lettering, Mr. Cook 
pointed out. 

In accordance with the U. S. Phar- 
macopeeia, bichloride of mercury tablets, 
also called corrosive mercuric chloride and 
corrosive sublimate tablets, should be of an 
angular shape, not flat and circular, or 
discoid. They should also be colored blue 
and should have the word ‘‘Poison” and 
the skull and cross bones design distinctly 
stamped on them. They should be 
dispensed in securely stoppered glass 
containers having on the outside a red 
label bearing the word ‘‘Poison” and a 
statement indicating that the tablets con- 
tain the required amount of corrosive 
mercuric chloride. 

An epidemic-like wave of similar ac- 
cidents occurred a number of years ago. 
It was following these accidents that the 
present safety requirements were incorpo- 
rated into the U.S. Pharmacopeeia, which is 
the official standard for drugs in the United 
States. 

Mr. Cook cautioned all distributors of 
bichloride tablets immediately to check 
their stock and to withdraw from sale 
every package which offers a white of 
discoid tablet. —Science Service 











Vo 


ean Qa 


no =| -_.)) DW 


1 es a ee ek a a) Se 











L, 1932 


MIS- 
sLETS 


lelphia 
ide of 
- fatal 
if the 
e and 
U.S. 
“00K, 
ion of 
tina 
ures, 
ough- 


> and 
They 
‘ters, 


blets 


‘ook 


aCc- 
x0. 
he 
10- 
is 


ed 








Voi. 9, No. 4 


INFERIOR GLASS RECLAIMABLE 
THROUGH HEAT TREATMENT 


The difference between valuable optical 
glass of the kind used for submarine peri- 
scopes or expensive binoculars and inferior 
glass is just a matter of a few degrees of 
temperature, it appears from a report of 
Dr. A. Q. Toot and L. W. Tritton of 
the U. S. Bureau of Standards made before 
the American Ceramic Society, recently 
meeting in Washington. 

These scientists have found that very 
exact control of temperature during the 
annealing process has much more to do 
with the quality of glass than has been 
previously thought. They have shown 
that an inferior piece of optical glass may 
possibly be reclaimed by reannealing, or 
tempering, with heat at exactly the proper 
temperature. 

When glass is annealed, it is heated toa 
high temperature and allowed to cool as 
rapidly as is possible without causing cracks 
or strains. The difference between the 
highest and lowest temperatures which 
optical glass experiences in the annealing 
process is about 50 degrees, the investi- 
gators reported. Glass heated to a 
temperature at one end of this range has 
properties differing from those of the glass 
which is heated to a temperature at the 
opposite end of the range and conse- 
quently must serve a different purpose. 

How much the property of refraction, or 
deviating light rays, of a piece of glass 
changes with a rise or fall in the annealing 
temperature has been determined by these 
scientists for six or seven kinds of glass. 
This information will enable a_ glass 
manufacturer to learn at what temperature 
to reanneal in order to make inferior glass 
suit a better purpose. 

That glass itself is not a supercooled 
liquid, as is generally accepted, was ad- 
vanced during the meeting in a paper 
prepared by E. Brercer of Jena, Ger- 
many. At the ordinary annealing tem- 
perature, Mr. Berger said, glass be- 
comes a brittle solid corresponding to a 
fourth state of matter. This change is 
analogous to that which takes place when a 
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liquid changes to a crystalline solid: the 
properties are altered and heat is evolved. 
This revolutionary viewpoint of the 
constitution of glass was given impetus by 
the work done at the U. S. Bureau of 
Standards by Dr. Tool, and strengthens 
the possibility of varying the properties of 
glass through heat treatment.— Science 
Service 


SILVER FILTER PURIFIES WATER 


A new type of filter, with interstices 
covered with silver, has been tested at the 
Pasteur Institute of Paris by Dr. NICHOLAS 
METALNIKOV, and found to confer upon the 
filtered water the power to destroy living 
bacteria. The filter is made by, adding 
chloride of silver to the molding clay and 
baking at a high temperature of 2200 de- 
grees Fahrenheit. According to its in- 
ventor, GEORGES LAKHOVSKY, the water 
which passes through the filter does not 
contain any silver and is perfectly harmless; 
yet it retains for several days the power to 
destroy resistant bacteria like the common 
Bacillus coli and Bacillus typhosus, which 
causes typhoid fever. 

The bactericidal power of the water 
that has passed through the silvered 
filter is claimed to be entirely due to the 
ionization of the water, and it disappears 
if the water is boiled for a few minutes. 
During its passage through the filter the 
water becomes slightly alkaline.—Science 
Service 


INVENTS TINY APPARATUS TO 
REGULATE RADIUM TREATMENT 


A tiny apparatus hardly larger than a 
pea, so that it can be introduced into most 
cavities of the human body, has been 
devised by Dr. Louts MALLET, head of 
the laboratory of the anti-cancer center of 
Tenon Hospital in Paris, to help physicians 
measure the amount of radiation that 
reaches various organs and parts of the 
body during radium treatment. The 
apparatus was described in a _ report 
recently made to the French Academy of 
Sciences. 
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When ordinary medicines are used in 
treating diseases, the full dose can be 
introduced directly into the veins or 
stomach, for instance, but with radium it is 
difficult to know whether the full dosage of 
rays actually reaches the organ to be 
treated or whether some of the rays are 
deflected to other parts of the body. For 
this reason a device like Dr. Mallet’s 
would be very useful. 

His apparatus is called an ionization 
chamber. It consists of a small metal 
knob the size of a pin head within a slightly 
larger metal enclosure. The air between 
the two does not conduct electricity under 
ordinary conditions, but becomes conduct- 
ing under the influence of radium. These 
tiny chambers are first screwed onto an 
apparatus which charges them to about 
160 volts. Then they are introduced into 
any part of the body, such as the throat, 
which is being exposed to radium. After 
a given time the ionizing chambers are 
taken out and their loss of voltage 
measured. This gives a measure of the 
intensity of radiation to which the 
chambers have been exposed in the body, 
and consequently to the amount of radia- 
tion to which that part of the body has 
been exposed in the given time. 

Dr. Mallet is already known for his 
invention of a similar device which is used 
in many hospitals for measuring in- 
directly the strength of radiation em- 
ployed in cancer treatment. The ad- 
vantage of the new method is that one or 
more of the ionizing chambers can be 
introduced directly into the body, and that 
they can be sent out to be used by 
physicians and afterward returned to a 
central laboratory for measurement.— 
Science Service 


NEW RADIUM DISCOVERIES MADE 
IN CANADIAN NORTHWEST 


Two new rich radium-bearing ore veins 
were discovered at Great Bear Lake, in 
northwest Canada, just before the winter 
freeze-up stopped further prospecting, 
Hucu S. SPENcgE, Canadian Department of 
Mines expert, revealed at recent confer- 
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ences with Washington geologists. Mr 
Spence, as official visitor to the radium 
strike in Northwest Territories, himsel{ 
aided in the discovery of the new bodies of 
pitchblende ore. 

Earlier reports of the rich finds of 
GILBERT LaBINE, discoverer of the original 
radium ore deposits, were authenticated by 
Mr. Spence, who declared to a Science 
Service representative: 

“Beyond any question the pitchblende 
deposits at LaBine Point constitute a very 
valuable source of radium. At the present 
value of radium, the ore could easily meet 
the $400 per ton cost of shipment to the 
railroad.” ke 

More and larger amounts of pitchblende 
than yet found, containing, at present 
prices, $6000 to $8000 worth of radium to 
the ton may yet remain to be discovered, 
Mr. Spence predicted. Two of the veins 
have been traced for distances of 1400 and 
2500 feet and all four seem to run together 
like the fingers of an outspread hand. A 
still larger and more valuable deposit, he 
said, may lie at the ‘‘wrist’’ somewhere to 
the northeast of the present workings. 

Another new strike of the precious pitch- 
blende, 12 miles distant from Echo Bay, 
where the first vein of LaBine’s Eldorado 
Gold Mines, Limited, was located, has 
already been reported on the ground of the 
rival Northern Aerial Minerals Exploration 
Company. 

Planes were arriving during all the time 
of his stay at LaBine Point on the Great 
Bear Lake, Mr. Spence said. These were 
carrying prospectors on the look-out for 
further silver deposits. LaBine’s number 
two pitchblende vein interlaced with 
valuable native silver veins, the best so far 
discovered in the region, assaying some 
9000 ounces to the ton, had aroused the 
hopes of these adventurers. 

Only two men are on the ground at 
present because of the freeze-up, said Mr. 
Spence, but mining operations will be 
started again next month. Fourteen 
surface pits were being worked at the time 
of his visit last summer. The ore obtained 
from these by hand picking averaged 50 
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per cent. uranium oxide or about one gram 
of radium to eight tons of ore.— Science 


Service 
A NEW PROTECTED METAL 


According to a recent research report 
by Dr. A. W. CoFFMAN, a new protected 
metal called ‘‘Robertson-Bonded Metal” 
(R-B-M) has been carried through the 
laboratory stages of development at 
Mellon Institute of Industrial Research. 
Copies of this report, giving complete 
information concerning this new material, 
may be obtained by applying to Mellon 
Institute, Pittsburgh, Penna. 

Robertson-Bonded Metal is the result of 
extensive research that has led to the 
production of a laminated metal-felt 
material in which felted materials are 
cemented to steel with heat and pressure, 
utilizing metals as adhesives. The com- 
posite laminated material, the outer sur- 
faces of which are suitable felts, is then 
saturated with any desired saturant 
chosen with reference to the corrosive 
condition to which the metal is to be ex- 
posed in service. Paint, lacquer, and resin 
film superimposed on the saturated felt 
give not only added protection but also 
desired attractiveness of appearance in the 
finished product. Owing to the fact that 
it is possible to choose between a number 
of felts and felt saturants to stand against 
various corrosive conditions, this new 
protected metal promises flexibility in 
providing corrosion resistance. The duc- 
tile nature of the metal bond between felt 
and steel makes it possible to subject this 
material to forming operations such as 
shearing, bending, corrugating, rolling, and 
mild drawing without destroying adhesion 
between felt and steel. By selecting 
asbestos felt together with fireproof 
saturant a fireproof material results, while 
an increased insulating value over that 
of bare metal is obtained with any 
combination of felt and saturants. It is 
also claimed that this new material of 
construction has the strength of metal with 
none of the attendant ‘‘ring’’ and rever- 
beration of bare metal. 
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R-B-M is said to have a promising field 
of application not only in the building field, 
but also in the manufacture of paneling for 
various purposes, pipe-line protection, 
novelties, etc. The cost, it is reported, will 
be commensurate with the degree of 
protection desired. 


VOCATIONAL LECTURES FOR HIGH- 
SCHOOL STUDENTS AT SYRACUSE 
UNIVERSITY 


The department of chemistry at Syra- 
cuse University conducted a series of four 
lectures on chemistry topics at Bowne 
Hall on February 25. The lectures were 
given to selected high-school students of 
central New York. 

The topics selected were ‘Some Rela- 
tionships between Chemistry and Health,” 
“Chemical Warfare,” ‘X-Rays,’ and 
“Chemical Mysteries.” The speakers for 
the occasion were members of the depart- 
ment of chemistry at Syracuse University: 
PROFESSOR R. K. BREWER, PROFESSOR 
C. C. Spencer, Proressor A. J. KING, 
Mr. J. M. Hocue, and Mr. W. K. SCHNEI- 
DER. 

The program was in charge of PrRo- 
FESSOR A. L. Exper of the Syracuse 
chemistry department. 


JOINT MEETING OF THE PHYSICS 
CLUB OF NEW YORK AND THE 
CHEMISTRY TEACHERS’ CLUB 

OF NEW YORK 


A joint meeting of The Physics Club of 
New York and The Chemistry Teachers’ 
Club of New York was held at the High 
School of Commerce, 155 West 65th 
Street, New York City, on Friday evening, 
February 26, 1932. The program was as 
follows: 

F. Dean McCuusky, Ph.D., director of 
the Scarborough School and president of 
the National Academy of Visual Instruc- 
tion, addressed the meeting on ‘“The Place 
of Visual Education in Modern Science 
Teaching.”’ 

Miss Rira HOoOcHHEIMER, assistant 
director of visual instruction for the 
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Board of Education of the City of New 
York, explained how the Bureau of Visual 
Instruction may render assistance to the 
science teacher. 

Dr. Epna R. HAMBURGER of Franklin 
K. Lane High School, addressed the meet- 
ing on ‘‘Two Years of Chemistry Films 
at Franklin K. Lane High School.’’ Dr. 
Hamburger told of her work in selecting 
films which have a pedagogical value in 
chemistry instruction. 

The moving pictures “The Story of 
Steel” and ‘Beyond the Microscope’’ 
were shown. 

The next joint meeting will be held 
Saturday evening, April 23, at the new 
Textile High School. The members of 
the chemistry department of Textile 
High School and other members of the 
club will give interesting demonstrations. 

A science luncheon was held Saturday, 
March 19. The speakers were Dr. 
Roy CHAPMAN ANDREWS, Dr. Louts C. 
Jorpy, and Dr. Harvey Davis, president 
of Stevens Institute of Technology. 

The officers of the Physics Club are 
M. L. Wuson, president, and IRvING 
MOsBACHER, secretary; of the Chemistry 
Teachers’ Club, E. M. WASHBURN, presi- 
dent, and E. C. BRUNNER, secretary. 


NON-RESIDENT BAKER LECTURE- 
SHIP IN CHEMISTRY AT CORNELL 
EXPANDED 


The Non-RESIDENT LECTURESHIP IN 
CHEMISTRY at Cornell University was es- 
tablished by Mr. GEorGE FISHER BAKER 
in 1925. Up to the present time the lec- 
turers under this plan have been invited 
from abroad, each of them remaining at 
the university for a full term. It is now 
planned to expand the program by inviting 
leading chemists of this country to give 
one or two lectures before the department 
on the Baker Foundation, and acceptances 
have been received from the following 
lecturers for the present university term: 


PROFESSOR RoGER ADAMS, Dept. of 
Chemistry, University of Illinois, Ur- 
bana, Illinois. 
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March 7—‘‘Stereochemistry of  Syb. 
stituted Diphenyls.”’ 

Dean S. C. Linn, School of Chemistry, 
University of Minnesota, Minneapolis 
Minn. 

March 22—‘‘Chemical Action under Alpha 
Radiation.” 

March 23—‘‘Chemical Action in Electrica] 
Discharge.” 

Mr. GrorGE W. Morey, Geophysical 
Laboratory, Washington, D. C. 

April 19—‘‘Transport of Material through 
a Vapor Phase.”’ 

Pror. R. A. GORTNER, University of 
Minnesota, Department of Agriculture, 
University Farm, St. Paul, Minn. 

May 2—-‘Biochemistry and the World 
Today.” 

May 3—‘‘The Electrical Value of Forces 
at Interfaces.” 

Mr. R. E. Witson, Standard Oil Com- 
pany, Chicago, Illinois. 

May 17—‘‘The Mechanism of Lubrica- 

tion.” 


CHARLES AND JULIA HENRY FUND 
SCHOLARSHIPS FOR BRITISH AND 
AMERICAN STUDENTS 


The Charles and Julia Henry Fund 
Scholarships, which will be offered annu- 
ally to four American students for study 
at the Universities of Oxford and Cam- 
bridge, and to four British students for 
study at Harvard and Yale universities, 
will be available next year for the first 
time, according to an announcement 
issued jointly by Harvard and Yale uni- 
versities. These scholarships, each of 
which will have an annual stipend of £500 
sterling, were established by the bequest 
of Lady Julia Lewisohn Henry, ‘‘in the 
earnest hope and desire of cementing the 
bonds of friendship between the British 
Empire and the United States.” 

Under the terms of the fund, four 
scholarships are offered to American 
students entering Oxford and Cambridge 
as undergraduates, or for a postgraduate 
course, and similarly four scholarships 
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are offered to British students entering 
Harvardand Yale. Normally the scholar- 
ships will be awarded for a single year, but 
may, in exceptional cases, be extended for 
asecond year. Appointments of the first 
American scholars will be made not later 
than April 18, and in February in subse- 
quent years. 

The fund is administered by twelve 
trustees appointed by Oxford, Cambridge, 
Harvard, and Yale. The trustees who will 
select the American candidates are PRESI- 
pENT A. LAWRENCE LOWELL, MR. FRAN- 
cis W. HUNNEWELL, and DEAN ALFRED 
C. HANFORD, representing the Harvard 
Corporation; and PRESIDENT JAMES Row- 
LAND ANGELL, Mr. GEORGE PARMLY Day, 
and Mr. Cart A. LOHMANN, representing 
the Yale Corporation. 

Candidates must present evidence that 
they are seriously interested in developing 
the opportunities offered and that they 
are persons of sufficient intellectual ma- 
turity to assure their ability to profit by 
the experience. Both men and women 
are eligible. Women may apply for 
appointment to any college or school 
which regularly admits women to depart- 
ments of study in the universities men- 
tioned. 

Applications from American candidates 
may be sent to the Office of the Secretary 
of Harvard University or the Office of the 
Secretary of Yale University by March 1, 
1932. These two offices will, on request, 
furnish the necessary memoranda and 
application forms. 

Lady Henry, who was the widow of Sir 
Charles Henry, M.P., and a daughter of 
Leonard Lewisohn, of New York City, 
died at her London residence on May 10, 
1927. She was one of the leading political 

hostesses of the Liberal Party, and had 
many charitable interests. She was 
deeply interested in the movement to pro- 
mote a better understanding between the 
country of her birth and the country of 
her adoption. She founded the Charles 
and Julia Henry Fund Scholarships as a 
step toward the realization of this ideal.— 
School & Society 
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TWO GRADUATE ASSISTANTSHIPS 
AVAILABLE FOR 1932-33 AT BOSTON 
UNIVERSITY COLLEGE OF 
LIBERAL ARTS 


Two graduate assistantships for quali- 
fied students who wish to study in chem- 
istry for the degree of Master of Arts are 
available for the year 1932-33. Appli- 
cants must have received, or must expect 
to receive, before September, 1932, a 
bachelor’s degree. 

The service required of each assistant is 
fifteen to twenty hours a week during the 
academic session (September 20 to June 
19), and includes assisting in the labora- 
tory and correcting papers. No class- 
room instructing is expected. Graduate 
assistants may register in each semester 
for courses not exceeding a total credit of 
nine semester hours. 

The stipend of each assistantship is 
$600. The regular charge for tuition in 
the graduate school is at the rate of $12.50 
per hour, but graduate assistants are 
granted an exemption of one-half of this 
charge. Nocharge is made for laboratory 
fees, breakage, and research chemicals. 

Graduate assistants must register in the 
Boston University Graduate School as 
candidates for the degree of Master of 
Arts and pay a registration fee of $10.00. 
The fee for promotion to this degree is 
$10.00. Additional information and spe- 
cific directions for making application may 
be obtained by writing to the undersigned. 

PROFESSOR LyMAN C. NEWELL 
Boston University 
688 Boylston Street 
Boston, Mass. 


MADRID MEETING OF THE NINTH 

INTERNATIONAL CONGRESS FOR 

PURE AND APPLIED CHEMISTRY 
POSTPONED 


After thoroughly investigating the possi- 
bilities as to attendance and the success of 
the proposed IXth International Congress 
of Pure and Applied Chemistry, announced 
to be held in Madrid beginning April 3 [see 
J. Cue. Epuc., 9, 598-9 (Mar., 1932)], 
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the International Union of Chemistry meeting at the present time. Conse. 
recommended a postponement. The or- quently it has been announced by radio- 
ganization committee of the congress in gram that neither the meeting of the 
Madrid concurred in the opinion that, congress nor of the union, scheduled to be 
because of the present world situation, it held in Madrid in April, will take place — 
would be unwise to attempt to hold the News Ed., Ind. Eng. Chem. 


Cosmic rays again shown like radium gamma rays. Further support of the 
theory that the mysterious cosmic rays are waves, is offered by Dr. R. A. Millikan and 
Dr. I. S. Bowen of the California Institute of Technology in a letter to Nature (London), 

The long struggle to establish the real nature of these penetrating radiations from 
outer space has engaged physicists both in America and Germany. Dr. Millikan’s 
faction has favored the theory that the effects are caused by immaterial waves like light 
or radium gamma rays. His critics, led by Dr. Walther Bothe and Dr. Werner Kol- 
hoerster in Germany, believe that the rays are corpuscles, probably electrons. 

A doubling of the signal strength was not found by Drs. Millikan and Bowen when 
the air pressure in the recording electroscope was doubled contrary to what might 
be expected. Radium gamma rays, however, they now find, show just this same 
behavior when they act on the electroscope. 

Thus changes of pressure in the electroscope affect the two radiations equally and 
support Dr. Millikan’s idea that the rays are similar in nature. Lack of ‘‘saturation” 
in the currents flowing through the recorders is the cause of the observed absence of 
proportionality.— Science Service 

Potatoes that blacken detected by new test. If you have a lot of potatoes that 
turn black when they are cooked, you can at least partly overcome this troublesome 
tendency by putting a little vinegar in the water while they are being boiled. 

This practical household hint is a by-product of an investigation by Dr. C. K. Tin- 
kler of King’s College for Household and Social Science in London. His primary objec- 
tive was to work out a simple chemical test which would enable large-scale handlers of 
potatoes to detect such tubers as possess this value-damaging defect. 

The test, as he finally developed it, is carried out as follows. A very thin slice of 
potato is peeled, placed in a porcelain dish and covered with sodium nitrite solution. 
About two cubic centimeters of dilute hydrochloric acid is added and the mixture is 
left for five minutes. It is then poured off and the potato slice is covered with 16 per 
cent. sodium hydroxide. If a red color develops about five minutes afterward, the po- 
tatoes of this batch will blacken after cooking, and the deepness of the red coloration 
indicates the amount of blackening that will take place. It is probable that the blacken- 
ing is due to oxidation —Science Service 

Scientists are forceful, skeptical, fair minded. ‘“‘Ambitendence, anancasm, and 
paranoia.” 

These formidable-sounding terms may be applied to the personality of the scientist, 
Dr. Eugene Kahn, of the Institute of Human Relations at Yale University, told 
members of the National Academy of Sciences meeting recently in New Haven. 

The scientists were not angered, however, for the terms are not as uncomplimentary 
as they may sound. Quite the contrary. They mean that the scientist is able to see 
fairly both sides of any question; that he has a forceful personality; and that he is 
skeptical or suspicious of circumstances that may go unquestioned by his less thoughtful 

neighbors.— Science Service 
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Inorganic Chemistry. T. Martin 
Lowry, C.B.E., M.A., F.R.S., Pro- 
fessor of Physical Chemistry in the 
University of Cambridge. Second edi- 
tion. The Macmillan Company, New 
York City, 1931. xiv + 1101 pp. 286 
Figs. 22 X 14cm. $8.40. 

This comprehensive book was first pub- 
lished in 1922. It is divided into four 
parts, namely: 

Part I. Historical and Introductory. 

Part II. Non-Metals. 

Part III. The Metals: Typical Series. 

PartIV. The Metals: Non-Typical 
Elements. 

As stated in the preface, “Since, how- 
ever, it was necessary to reset the whole of 
the text, a much more far-reaching process 
of reconstruction became possible, al- 
though this did not affect the earlier and 
introductory and historical chapters.” 

This new edition of an excellent and 
well-known book sets a high standard 
from every standpoint. The printing, 
paper, and binding leave nothing to be 
desired, and the text is richly illustrated. 

The book contains an enormous amount 
of information, being considerably larger 
than the earlier edition. The facts 
and principles are clearly stated, and the 
treatment of subjects is modern. For 
instance, one finds the “electron theory 
of valency,” the “theory of complete 
ionization of strong electrolytes,” and 
many of the most recent discoveries in 
the field of chemistry. ‘An acid is now 

defined as a substance which will give up a 
hydrogen nucleus or proton, and a base 
as a substance which will accept it” 
(p. 219). Also, some attention is paid 
to “excited” atoms, such as those of 
nitrogen (p. 414). 

The newest development regarding 
mineral silicates is given. ‘The struc- 
ture and composition of the crystalline 
silicates are also dominated by a second 
factor, which depends on the quadri- 





valency of silicon, but has been established 
by examination by X-rays—namely, that 
every atom of silicon in a silicate 1s sur- 
rounded by four atoms of oxygen’’ (p. 575). 
It is shown that the silicon atoms of 
anions are linked up into structures of 
increasing complexity, in the form of 
chains, rings, and sheets. 

A modern classification of the elements 
is shown in Table 63, p. 626. In this 
classification, column 0 is placed between 
columns VII and VIII. Hydrogen and 
helium are placed in Period I, the former 
element occupying a position in column 
VII, just above fluorine. 

“Inorganic Chemistry” is an excellent 
reference book for teachers and students 
of chemistry, and is a good textbook for 
the advanced student. It should be in 
every chemistry library. 

A few minor criticisms and suggestions 
might be offered. The author treats 
glass according to the older notion, 
namely, that it is regarded as a liquid 
which has acquired a high degree of 
viscosity on cooling (pp. 3 and 190). 
Recent investigation has shown, however, 
that the properties of glass do not, as had 
been assumed, go over gradually to those 
of the molten state. The changes which 
take place when glass is softened by heat 
are actually parallel to those in a melting 
crystal. There is a discontinuity in the 
curves of all properties of glass thus far 
examined. [E. C. Sutttvan, Glass In- 
dustry, 12, 215 (1931).] 

The author does not differentiate be- 
tween true peroxides, such as sodium 
peroxide, and dioxides, such as man- 
ganese dioxide (p. 260). Some writers 
do not regard the latter compound as a 
peroxide because it does not yield hy- 
drogen peroxide when treated with an 
acid. 

The author evidently assumes that the 
reader knows something about atomic 
structure, for it would be rather difficult 
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to follow some of the statements relating 
to valency unless one possessed con- 
siderable knowledge concerning the struc- 
ture of atoms. In the opinion of the 
reviewer, an early and thorough chapter 
on the structure of matter would be 
very helpful, especially to younger stu- 
dents of chemistry. 

These are minor criticisms, however. 
The reviewer extends hearty congratu- 
lations to the author as well as the pub- 
lisher on the excellency of the second 
edition. The book is a very valuable 
contribution in the field of inorganic 
chemistry, and should be well received by 
chemists, students, and teachers. 
WILLIAM FOSTER 


PRINCETON UNIVERSITY 
PRINCETON, NEW JERSEY 


Chemical Change. DENNIS BROOK 
Briccs, Science Master at Bradfield 
College. J. M. Dent and Sons, Ltd., 
London, 1931. 166 pp. 15 Figs. 19 
<x 12.5cm. ds. 


This little volume is a new and welcome 
member of Dent’s ‘‘Modern Science 
Series,’ of which E. J. Holmyard is the 
general editor. The author intended the 
book “‘to provide an introduction to the 
more advanced works on chemistry for 
those who have already been grounded 
in the elements of the subject, and who 
intend to pursue their studies farther.” 

The reviewer is somewhat in doubt 
as to the degree of training intended by 
the phrase—‘‘grounded in the elements 
of the subject.’”’ If the author meant 
merely a substantial course in first-year 
chemistry, then the book is too advanced 
as it uses (for example) the keto and enol 
forms of acetoacetic ester as illustrative 
of dynamic isomerism. Other references 
to organic chemistry leave the impression 
that the author includes a reasonable 
knowledge of organic and perhaps of 
analytical chemistry as a part of the 
elementary grounding. If the latter 
assumption is correct then the book offers 
too brief a treatment of chemical change, 
both as to the topics included and the 
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space devoted to each topic—unless the 
book be used as a text in a so-called 
short course in the elements of physical 
chemistry. 

Although concise, the volume contains 
dependable and accessible information 
on (a) physical and chemical change: 
(6) kinetic molecular theory; (c) atomic 
theory; (d) thermochemistry; and (e) 
velocity of reaction in homogeneous 
and heterogeneous systems. Except for 
the lack of reference to the scientific 
contributions of other than European 
contemporaries, the book is an historic 
delight. The lists of suggested further 
readings at the close of each chapter are 
excellent but these also take almost no 
cognizance of chemistry in the Western 
Hemisphere. The “Practical Work”’ (labo- 
ratory exercises) and ‘‘Questions” be- 
tween chapters certainly should stimulate 
the initiative of the student in his manipu- 
lation, observation, formulation, and essay 
composition. 

A few pages each devoted to atomic 
structure, the colloidal state of matter, 
and electrochemistry would be welcomed 
by physical chemists. A short statement 
of the “‘half-life’’ method of determining 
the order of a reaction would be helpful. 
Cotton-seed oil is probably as important 
a source of solid edible fats as is whale oil. 
Onsager should receive recognition for his 
helpful contributions to the Debye- 
Hiickel theory of ionization. The author 
is perhaps a bit too enthusiastic over the 
ability of this newer ionization theory in 
accounting for the behavior of strong 
electrolytes. 

“Chemical Change’? should enhance 
most personal chemical libraries. 

JESSE E. Day 


Tue Onto State UNIVERSITY 
CoL_umBus, OHIO 


Industrial Chemistry. ALLEN ROGERS, 
Ph.D., Supervisor, Industrial Chemical 
Engineering Course and Head of 
Department of Chemical Engineering, 
Pratt Institute, Brooklyn, New York, 
in collaboration with nineteen other 

experts. Two Volumes: Volume 1, 
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Inorganic; Volume 2, Organic. Fifth 
edition. D. Van Nostrand Company, 
Inc., New York City, 1931. xiv + 
641 + xiv; xii + 1517-641 pp. 441 
Figs. 23 X 15 cm. $13.00 for both 
volumes. 


The purpose of this treatise on in- 
dustrial chemistry is to present the funda- 
mental principles involved in modern 
American methods and processes. The 
first volume deals with the processes 
used in the essential inorganic industries, 
and the second volume with the funda- 
mentals underlying the organic chemical 
industry and discusses some of the most 
important processes utilizing these princi- 
ples. The material is presented in an 
authoritative manner by a group of 
experts. The authors appear to have 
accomplished their purpose in an ad- 
mirable manner. 

The chapter on general processes should 
be of particular value to those who wish 
to get a general picture of the equipment 
essential in industrial chemistry. Each 
chapter is written in an authoritative 
manner and presents the subject matter 
in clear and concise language. . In addi- 
tion to the information given in each 
chapter, a bibliography is supplied, in 
most cases, which would enable the stu- 
dent to secure any additional information 
needed to complete the details of the 
chemistry and engineering involved in the 
process. The illustrations are very good 
and enhance the text from an educational 
standpoint. In the chapter on industrial 
organic chemicals and dye intermediates 
there are several charts which should be of 
great aid to the student of organic chem- 
istry, in enabling him to correlate the 
facts of organic chemistry and apply 
them to the solution of industrial problems. 

On the whole this manual brings the 
essential facts of industrial organic chem- 
istry to the student in as close a technical 
setting as it is possible to get outside of 
the industries using the processes de- 
scribed. It should be of value to both 
the student of industrial chemistry and 
to the technical man of limited experience 
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who wishes to broaden his knowledge of 
industrial chemistry. 
M. L. CrossLey 


Catco CuHEmIcat Co., INc. 
Bounp Brook, NEw JERSEY 


A History of the British Chemical Indus- 
try. STEPHEN MIaLL. Written for 
The Society of Chemical Industry on 
the occasion of the Fiftieth Anniver- 
sary of Its Foundation. Ernest Benn, 
Limited, London, 1931. xvi + 273 pp. 
33 Portraits, 6 Figs. 14 X 21.5 cm. 
10s. 6d. 


The Society of Chemical Industry is 
celebrating the fiftieth anniversary of 
its foundation. One of the features of 
its jubilee is this volume on British Chem- 
ical Industry by Mr. Miall. Mr. Miall 
states his difficulty in the introduction by 
saying that prior to 1882 there was no 
journal devoted to chemical industry in 
Great Britain, and that few books existed 
that attempted to describe this problem. 
Furthermore, the founders of chemical 
manufacture had all died several years ago, 
and the biographies of only a few existed. 
Consequently, the working up of this 
magnificent report necessitated correspon- 
dence with practically every chemical 
manufacturer of consequence, together 
with visits to many of the plants. 

The author has in mind not only the So- 
ciety of Chemical Industry, but also other 
readers who are interested in learning 
something of the history of the larger in- 
dustries. He succeeds admirably in por- 
traying his story in a non-technical style. 
The author gratefully acknowledges his 
debt to the many collaborators who made 
the volume possible. 

The eleven chapters are devoted to 
heavy chemicals; dyestuffs; fermentation 
industries; drugs and fine chemicals; 
cellulose; metallurgy; gas, coke, and tar; 
the paint and varnish industry; the soap 
industry; miscellaneous manufactures; 
chemists and chemical organizations. 
These industries involve a capital invest- 
ment of over $1,500,000,000 in Great 
Britain alone, and give employment to 
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over 165,000 workers. Not only are the 
industries described and discussed in con- 
siderable detail, but there are fascinating 
references to such pioneers as Faraday, 
Davy, Pasteur, and others, and their pro- 
found influence on associates who became 
the very founders of many of these indus- 
tries. “Due credit is given to the scientists 
of central and western European nations, 
without whose discoveries and develop- 
ments British industry could not have 
progressed to the high state of perfection 
which has been attained. We read of 
Haber, Hofmann, von Wellsbach, and 
others too numerous to mention. 


The book is generously illustrated with 
portraits including James Muspratt, whose 
sons were among the founders of the Soci- 
ety of Chemical Industry, and whose de- 
scendants have been ever active in chemi- 
cal manufacture and in the activities of 
the Society; Walter Weldon, whose first 
patent covered the Weldon Process, fa- 
miliar to every student of chemistry, which 
not only added to British national wealth, 
but resulted in the lowering of the cost of 
paper and cotton goods; Dr. Ludwig 
Mond, who, with Sir John Brunner, devel- 
oped the Solvay Process in England, and 
whose gas reactions applied to metallurgy 
founded the Mond Nickel Company; Sir 
William H. Perkin, father of synthetic dye 
manufacture; Dr. Henry S. Wellcome (an 
American) associated with the well-known 
firm of pharmaceutical manufacturers 
which has done so much to encourage phar- 
maceutical research; Count Hilaire de 
Chardonnet who gave the world its first 
new textile fiber in over a thousand years 
and who is one of the western Europeans 
included in this treatise on British indus- 
try; Sir Robert Hadfield, discoverer of 
manganese steel, silicon steel, and other 
alloys; John B. Orr, discoverer of the im- 
portant pigment, lithopone; Michel Eu- 
gene Chevreul, the first properly to explain 
soap formation, and to study the side 
products. These are only a few of the 
portraits of eminent men whose precious 
contributions are discussed. 

The volume is generous in its content of 
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biographical sketches of eminent men. It 
contains some useful outlines and charts, 
and while, as stated, it is couched in lan- 
guage which the layman can understand, 
it is rich in references valuable to the tech- 
nologist, and has many interesting chrono- 
logical tables on the development of the 
various industries. 

Every teacher of chemistry should read 
this volume in which he will find, in addi- 
tion to those already mentioned, such 
familiar individuals as the inventor of 
the Daniell Cell, the founder of the Nobel 
Prize, Messrs. Pattinson and Parkes, 
whose processes for silver recovery all of 
us have taught, etc., etc. Mr. Miall is to 
be congratulated and thanked for a pre- 
cious contribution. 

ALEXANDER SILVERMAN 


UNIVERSITY OF PITTSBURGH 
PITTSBURGH, PENNA. 


Introduction to Agricultural Biochemistry. 
R. Apams DutcueEr, Professor of Agri- 
cultural and Biological Chemistry, and 
Dennis E. HAtey, Professor of Soil and 
Phytochemistry, The Pennsylvania 
State College. First edition. John 
Wiley and Sons, Inc., New York City, 
1932. x + 484 pp. 98 Figs. 15 X 
23cm. $4.50. 


This book is intended for students of 
agricultural biochemistry who have had 
training in both inorganic and organic 
chemistry and as a reference book. 
It is divided into three parts: I. General 
and Introductory; II. The Plant; and 
III. The Animal. The first part, which 
is introduced by a chapter on the history 
of agricultural chemistry and one con- 
taining some general statements on the 
chemistry of living matter, reviews the 
chemistry of the carbohydrates, the fats 
and related compounds, the proteins, and 
the enzymes. A chapter is devoted to a 
review of physical chemical principles 
which apply especially to biological and 
agricultural chemistry. A considerable 
number of rather elementary facts are 
given briefly to establish a connecting 
link between previous work and the more 
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advanced and specialized discussion which 
is presented. Organic compounds of 
biological importance are treated in 
considerably greater detail than in most 
beginning organic texts, thus laying a 
good foundation for the later discussion 
of their significance in living organisms. 

The second part covers such topics as 
seed germination, the soil, soil acidity, 
farm manure, fertilizers, the atmos- 
phere, insecticides and fungicides, ab- 
sorption of mineral material by plants, 
assimilation of mineral material by 
plants, plant carbohydrates, plant lipids, 
vegetable proteins and related com- 
pounds, and respiration. 

The third part covers such topics as 
foods and feeding stuffs, digestion of 
foods, the body tissues, metabolic changes 
in tissues, energy metabolism, biological 
response to foods, protein quality, vita- 
min A, vitamin B complex, vitamin C, 
vitamin D and ultra-violet light, and 
vitamin E. 

The attention of the reader is called to 
the importance of research work by fre- 
quent reference to the work of research 
workers and the methods used in typical 
research problems. This has been done, 
the authors indicate in the preface, to 
“emphasize the importance of scientific 
research” in order to develop the interest 
of the students. The fact that many 
problems in biochemistry are yet to be 
solved is emphasized by frequently 
presenting the differing opinions of vari- 
ous investigators. 

The text is well supplemented by tables 
of typical data selected from the litera- 
ture. References to general reading are 
appended to each chapter. Ninety-eight 
well-selected illustrations, including many 
portraits of prominent research men, 
add much to the attractiveness and 
value of the book. The mechanical 
make-up of the book is good except for a 
few short pages caused by having to carry 
over structural formulas to the following 
pages. It would seem preferable in a 
chemistry text such as this to use the form 
“sodium nitrate’? rather than “nitrate of 
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soda” even though the latter nomen- 
clature may be common in the fertilizer 
industry. This criticism applies to vari- 
ous other compounds mentioned in the 
chapter on fertilizers. The text in general 
is very well written and the book should 
not only be an excellent text but valuable 
as a reference book both to those engaged 
in agricultural chemical work and those 
in other fields who must occasionally 
refer to material in this field. 
L. K. ARNOLD 


Iowa STATE COLLEGE 
Ames, Iowa 


Von Libau bis Liebig: Chemikerképfe 
und -Laboratorien (From Libavius to 
Liebig: Chemical Apparatus and Labo- 
ratories). Fritz Fercui, Druck und 
Verlag von Arthur Nemayer, Mit- 
tenwald (Bayern), Germany, 1930. 
17 X 21.5 cm. 48 leaves, unnum- 
bered. Unbound, R.M. 5.5; Bound, 
R.M. 7. 


This book has a preface of two printed 
pages, or one leaf, and the rest of it is 
devoted to pictures. There are pictures of 
apparatus and laboratories, many of 
them depicting important chemical proc- 
esses as carried out in the past or experi- 
ments famous in the history of chemistry. 
There are reproductions of celebrated 
paintings of alchemists and of rare por- 
traits of chemists. There are pictures of 
apothecary shops and of tables of al- 
chemical symbols. The pictures are ac- 
companied by brief accounts of their 
history or significance, and the portraits 
by brief biographies. 

The classic histories of chemistry 
contain few or no pictures. Recent ones 
are illustrated but none of them contain 
all or nearly all of the interesting pictures 
which are found in this fascinating 
little book. Ferchl’s book ought to be in 
every library of the history of chemistry, 
and in every school or college library of 
chemistry which pretends to be more 
than a mere repository of information. 
It will be of value to teachers who wish to 
stimulate the interest of students. It 
will be of value to teachers and to chem- 
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ists in general because they can spend a 
number of pleasant evenings with it. 
TENNEY L. Davis 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


List of Essential Apparatus for Use in 
High-School Sciences. T. C. Hoty, 
Research Associate, and D. H. Sutton, 
Research Assistant, Bureau of Educa- 
tional Research, The Ohio State Uni- 
versity, Columbus, Ohio. Monograph 
No. 12, Bureau of Educational Re- 
search Monographs, The Ohio State 
University, Columbus, Ohio, 1931. 
vii + 32 pp. 16.5 X 24cm. $0.75. 


The purpose of this monograph is to 
prepare a list of essential apparatus for 
general science, biology, physics, and 
chemistry. These sciences are selected 
because these are the dominant science 
courses now offered in the secondary 
schools. 

In preparing these lists the authors 
attempted: ‘‘(1) to develop a list of 
apparatus essential in teaching a class of 
twenty-four pupils in each of the major 
high-school sciences with the individual 
items arranged upon the basis of their 
relative importance; (2) to furnish some 
index of the cost of providing the essential 
items of laboratory apparatus in each of 
four major sciences; (3) to show instances 
of overlapping among the items or 
apparatus necessary to conduct a class 
of the indicated size in general science, 
biology, physics, and chemistry.” 

The authors indicate that ‘‘the more 
logical method of securing lists of ap- 
paratus would be to determine first the 
experiments necessary to attain the 
objectives in each science, but since 
science instructors do not as yet agree 
upon the objectives, this method could 
not be followed. The next method, 
which seemed feasible, was to secure the 
judgments of teachers and supervisors 
on the apparatus necessary for each 
science.” 

In ofder to secure the data necessary 
for the check lists which were submitted 
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to these individuals for their judgment 
the authors prepared lists for each science 
based on all items that appeared twenty 
per cent. or more times in a master list 
compiled from ‘‘(1) requirements set up 
by the state department of education, 
(2) from laboratory manuals for a selected 
list of textbooks in each scientific field, 
and (3) from occasional bulletins dis- 
tributed by the United States Office of 
Education.’”’ These check lists were sent 
to a selected list of teachers and super- 
visors of science in various states. Each 
individual was requested to indicate the 
items considered essential, desirable, or 
unnecessary. He was also requested to 
add such items which had been omitted, 
but which he thought necessary, and also 
to change the number of pieces of a given 
item of apparatus if necessary. 

On the basis of the returns received 
from individuals in thirty-three states, 
each item in each list was rated in order 
of importance. Each list of science 
apparatus is divided into two groups; 
the first, containing items for use of the 
individual pupil, and the second, general 
apparatus for the use of the instructor 
or a group of students, in demonstrating 
experiments not designed as individual 
experiments. 

Lists of individual and general ap- 
paratus are given for each of the four 
dominant sciences. Each list shows the 
number of each item necessary for a class 
of twenty-four -pupils arranged in order 
of importance. Average total price, 
cumulative total price, and overlapping 
with items in other lists are also given. 

The scope of this study may be illus- 
trated by the two lists prepared for chem- 
istry. The lists are based on the judg- 
ments of 224 individuals from 33 states. 
Of this number, 140 were high-school 
instructors, 68 heads of departments or 
supervisors in high school, and 16 college 
instructors. The list of individual ap- 
paratus contains 80 items with a total 
cost of $397.44 while the general. list 
contains 75 items with a total cost of 
$588.96. The lists have been carefully 
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prepared and if properly interpreted 
should be of value in furnishing a basis 
for the selection of the most essential 
items. 

The list would have been of consider- 
ably more value if the most essential 
items had been indicated by an asterisk. 
As the lists now stand, considerable 
unnecessary duplication is bound to 
occur if these are used by the less ex- 
perienced science instructors or if used by 
individuals, such as purchasing agents, 
who may not be acquainted with the 
apparatus needed for science teaching. 
For instance, the list of apparatus for 
the use of the individual student includes 
Bunsen burners, 4-0z. and 8-oz. alcohol 
lamps. If Bunsen burners are ordered, 
the alcohol lamps will not be necessary. 
Ten different kinds of rubber stoppers 
are listed but the authors do not indicate 
the items they are to be used for. It 
would be better to say: ‘‘Rubber stopper 
No. 6 to fit 300 cc. pyrex flask.” If 
some of the flasks were omitted, then the 
user would know which stoppers to omit. 
Five kinds of flasks are indicated as 
follows: 500 cc. flask, 250 cc. flask, 
250 cc. Erlenmeyer flask, 125 cc. Erlen- 
meyer flask, 125 cc. flat-bottomed pyrex 
flask. All these are not necessary, and 
specifications are not definite enough. 
It would be better to indicate the item 
as flask, Erlenmeyer, 250 cc. pyrex to take 
No. 6 rubber stopper. To make the list 
of any value, each item should be specified 
as definitely as possible. Such specifi- 
cations are necessary to insure a good 
grade of science equipment. If competing 
concerns are required to quote on items 
of like specifications; usually there is not 
much difference in the quotations of the 
various bidders. 


The authors state, ‘‘that cumulative 
prices are given in each list because the 
writers thought this information would 
be valuable for those school districts in 
which funds will not permit the purchase of 
the entire list. These cumulative figures 
will enable the school officers to readily 
determine where the list must be cut.” 
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Some of these school officers may interpret 
this list to mean that about $1000 will be 
necessary for a class of 24 in chemistry 
exclusive of the necessary laboratory 
furniture. If that were true, I am of the 
opinion that many schools would not 
introduce a course in chemistry. Again 
if $200 were available for a class of twelve 
pupils, just how much should be spent 
for the use of the student and just how 
much from the general list. Suppose 
that it was decided to use about $100 for 
student equipment, would the instructor 
then go down the list to items with a 
total price of $200 and omit all those 
items below this point? If this were 
done, such items as cobalt glass, graduates, 
platinum loops, and burets would be 
omitted, and from the general list such 
items as retorts, hydrometers, and lead 
dishes. 

A supplementary series of lists should 
be prepared for each science which would 
show the items most essential and also 
show the least number of each item that 
could be used. Additional lists would 
show the items to be added as the equip- 
ment is built up over a number of years. 
As the list stands now it may be grossly 
misinterpreted. One of the greatest draw- 
backs to the introduction of the various 
sciences in the small high schools has been 
the large amount of money considered 
essential in order to secure the necessary 
equipment. 

J. H. JENSEN 


THE NorTHERN NORMAL AND INDUSTRIAL SCHOOL 
ABERDEEN, SoutH DAKOTA 


MISCELLANEOUS PUBLICATIONS 


The Practice of Spectrum Analysis with 
Hilger Instruments, Including a Note 
on the Various Types of Emission 
Spectra. Compiled by F. Twyman, 
F. Inst. P., F.R.S. Fifth edition. 
Adam Hilger, Ltd., London, 1931. 
53 pp. + 7 pp. Bibliography. 15 X 
25 cm. 3s. 6d. net. 

This small booklet concerns itself with 
the use of spectroscopic instruments, 
particularly with reference to their appli- 
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cation to qualitative and quantitative 
analysis. Although patently propa- 
ganda intended to increase the sale of 
Hilger instruments its restrained tone 
and scientific outlook keep this aim from 
detracting from its obvious usefulness. 
It should be of particular value to the 
practical analyst seeking information 
about the usefulness of spectroscopic 
methods in analysis, or a guide in the use 
of the instruments. 

J. E. MAYER 


Tue Jouns Hopkins UNIVERSITY 
BALTIMORE, MARYLAND 


Chemistry of Today. Broadcast Supple- 
ment of The Nucleus. Northeastern 
Section of the American Chemical 
Society, Boston, Massachusetts, 1932. 
154 pp. 15 X 23 cm. 

Contains, among others, the following 
broadcasts: ‘‘What the Chemist Has 
Done to Some Fuels of Today,’ ‘‘Chem- 
istry and Good Roads,’’ ‘““The Oxides of 
Carbon,” ‘Edison as Chemist,” ‘‘The 
Crucible of the Sun,” “The Air We 
Breathe,” ‘The Water We _ Drink,” 
“Rubber from Rocks.’’ Reprints of in- 


dividual broadcasts are available at 


$3.50 for fifty copies and considerably 
lower rates for larger quantities. The 
address of the Menaging Editor, J. A. 
Seaverns, is: 99 Broad St., Boston, Mass. 


Record of Current Educational Publica- 
tions, July 1-September 30, 1931. 
Bulletin, 1931, No. 22, Department of 
the Interior, Office of Education. U.S. 
Government Printing Office, 1932. 
v + 86 pp. 15 X 23 cm. (For sale 
by the Superintendent of Documents, 
Washington, D.C.) $0.15. 











Biennial Survey of Education in the 
United States, 1928-30. Chapter IV, 
Industrial Education. Maris M. Pror- 
FITT, Educational Consultant and Spe. 
cialist in Guidance and _ Industria] 
Education, Office of Education. U, §. 
Dept. Interior, Bulletin, 1931, No. 20, 
U. §S. Government Printing Office, 
Washington, D. C. (For sale by the 
Superintendent of Documents, Wash- 
ington, D. C.) 44 pp. 15 X 23 em. 
$0.10. 


The topics discussed in this bulletin are 
as follows: progress in industrial education, 
the effect of unemployment, plans of ad- 
ministrative organization, industrial work 
in small schools, industrial arts, entrance 
requirements to industrial courses, classes 
for the retarded, four-year courses, avia- 
tion, production jobs, guidance, teacher 
training, summary, and conclusion. 





Salaries in Land-Grant Universities and 
Colleges. JoHNH. McNEELY, Division 
of Colleges and Professional Schools, 
Office of Education. U. S. Dept. In- 
terior, Pamphlet No. 24, Nov., 1981. 
U. §. Government Printing Office, 
Washington, D.C. 27 pp. 15 X 23 
cm. (For sale by the Superintendent 
of Documents, Washington, D. C.) 
$0.05. 


The data presented in this bulletin in- 
clude: salaries, by sex and rank; salaries 
by major divisions; salaries, by depart- 
ments in arts and sciences; salary dis- 
tributions for all fields combined; salary 
distributions, by major divisions; salary 
distributions, by arts and science depart- 
ments; list of institutions. 
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PROFESSOR OF CHEMISTRY IN HARVARD COLLEGE FOR FIFTY 
YEARS. FOUNDER OF THE DEPARTMENT OF CHEMISTRY AND 
MINERALOGY WHICH BY HIs PERSONAL LABOR WERE RAISED FROM 
MEAGER BEGINNINGS TO A COMMANDING PLACE IN THE EDUCA- 
TIONAL WORLD. PIONEER IN THE CLASSIFICATION OF THE CHEMICAL 
ELEMENTS AND IN THE DETERMINATION OF THEIR ACCURATE ATOMIC 
WEIGHTS. ZEALOUS ADVOCATE OF SCIENCE AND - PHILOSOPHY 
IN THEIR BROADEST ASPECTS. TEACHER, WRITER, AND LECTURER, 
Wuo EXERTED A PROFOUND AND WHOLESOME INFLUENCE ON THE 
DEVELOPMENT OF CHEMISTRY IN AMERICA. 


(For bibliography, supplied by Lyman C. Newell, see p. 947 of this issue.) 

















EDITOR’S OUTLOOK 


IGHTS flashed, dimmed, and died; ghostly rappings, weird moans, 
and eery sighs subsided into even more awe-inspiring silence. At 
length the medium spoke in a hollow voice. “Socrates is here. Is there 


anything you wish to ask him?” ‘‘Perhaps,”’ I suggested, 
“it would be more profitable to be questioned by Socrates 
than to question him.” 

Socrates cleared his throat, then addressed me, strangely enough, in ex- 
cellent twentieth-century English. ‘‘I note,’ said he, ‘‘that some of the 
correspondents to your professional journal have been carrying on a 
rather lively discussion of methods of balancing oxidation-reduction 
equations. Is this, then, so important a feature of chemical instruction?” 
“As to its intrinsic importance,’’ I replied, ‘I hesitate to pass judgment, 
but it appears to be highly honored. Practically all textbooks devote 
some space to it, many teachers lay considerable emphasis upon it, and it is 
likely to bob up in almost any examination.” , 

Socrates paused to select a new line of inquiry. Then he asked, ‘‘What 
benefits are the student supposed to derive from this exercise?’ It was 
my turn toreflect. Sparring for time, I began, ‘““The objectives of chemi- 
cal instruction as a whole are neither so clearly defined nor so well agreed 
upon as one could desire, although there has been much discussion. The 
relationship between specific units in chemical instruction and ultimate 
aims is even hazier. I imagine that different teachers would give vary- 
ing answers to your question.’”’ ‘‘Then let us consider some possible 
answers, one at a time,’”’ he suggested. 

“T believe,’’ I hazarded, “that many teachers attribute some discipli- 
nary value to these exercises.’’ ‘““The students as a rule find this activity 
rather difficult and uninteresting, I take it.’”’ ‘I suppose that many of 
them do,” I admitted, not clearly perceiving the trend of his thought. 
“The intention, then, is to chasten their spirits by requiring of them a 
task which they find distasteful. I have heard of hazing as practiced by 
the sophomores in some of your institutions of higher learning, but I did 
not know that instructors participated init.’ ‘‘I am afraid I have misled 
you,” I protested, but with a secret qualm lest perhaps I had unwittingly 
led him uncomfortably aright. ‘I had reference to mental rather than 
to moral discipline.’’ 

“But,” he objected with some surprise, “‘has not the theory of mental 
discipline been disproved?’ ‘‘Perhaps,” I replied, ‘‘it is putting it too 

strongly to say disproved. It has been discredited to some extent. I 
would be inclined to say that the burden of proof now rests with the ad- 
herents to the theory.” ‘‘And has proof been adduced in this instance?’ 
“Not to my knowledge,” I admitted. 

‘Assuming that the desired end is mental rather than moral discipline, 
and granting, for the sake of argument, that the solution of problems con- 
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tributes toward that end, would it not be pleasanter and equally efficacious 
to give the students problems they would like to work?” ‘‘What sort of 
problems have you in mind?” I countered. ‘“‘Need it matter?’’ he asked. 
“T observe that they work out cross-word puzzles, Sam Lloyd’s puzzles, 
chess problems, and so forth for pure amusement.” ‘But that would not 
be chemistry,” I protested. ‘‘After all, we are discussing chemical in- 
struction.” ‘Is it not true that some of the methods of equation- 
balancing proposed, involve no chemistry either?’ he pursued. ‘‘At 
least,’’ I said, ‘‘ they concern chemical quantities.’’ ‘‘Ah,”’ said he, ‘“‘f 
from five apples, I subtract three apples, have I solved a horticultural 
problem? If from a valence number of five, I subtract a valence number 
of three, have I solved a chemical problem?” ‘‘There is a fallacy in your 
reasoning, somewhere,” I objected weakly. “I am not attempting to 
reason,” he replied tartly, ‘I am merely inviting you to reason. But 
perhaps you would prefer that we examine some other objectives.” 

Ignoring the rather ambiguous wording of this suggestion I hastened to 
comply. ‘It may be argued that the student acquires a technic for which 
he will have use in later chemical study and work.”’ ‘‘But how many ele- 
mentary students do further work in chemistry?” “Only a minority, it is 
true,’ I conceded, ‘‘so that this argument has but limited applicability.” 
“Then, concerning the minority, you say that they will have use for this 
technic in more advanced studies. But in order to balance an equation it is 
necessary first to know the products of the reaction. I assume the student 
would look these up in a textbook or reference work. If so, why not obtain 
the complete equation from the same source?’ ‘‘He could often do so, but 
he might sometime have occasion to work out a previously unknown 
reaction.”’ “In that case he would have to determine the products ex- 
perimentally. In all probability he would make a quantitative determi- 
nation and so balance his equation experimentally, would he not? By 
the way, how many equations have you yourself balanced outside of the 
classroom?” ‘‘None,” I admitted. 

The sage snickered. ‘Have you any other objectives to offer?’ ‘As 
regards the so-called ion-electron method,” I answered, ‘‘it may be con- 
tended that the exercise affords an opportunity to emphasize some chemical 
fundamentals. The fact that the oxidation-reduction process consists in 
electron transfer and consequently that oxidation and reduction always 
occur simultaneously is rather clearly brought out. It is also possible to 
explain the effects of other ions than those of the oxidant and reductant in 
certain reactions.” ; 

Socrates gazed contemplatively at his sand-glass and, as the last grains 
trickled into the lower half, inverted it. ‘“‘Our discussion has been quite 
entertaining. I should like to pursue it farther, but I have an engagement. 
For the present, farewell.” He placed the glass in his watch-pocket and 
faded rapidly from sight. 
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CERAMICS AND CHEMISTRY 


Percy C. KincsBury, GENERAL CERAMICS CoMPANY, NEw York City 


The history of the development of modern ceramic ware for industrial 
purposes from the primitive pottery of prehistoric times is described. 

The world’s oldest handicraft has been iransformed by modern manufacturing 
equipment into one of our most important industries, and the trial-and-error 
methods of an earlier day are now replaced by scientific research in the plant 
and laboratory directed to a specific end. 

The foundation on which this development work is built, is given in detail, 
and the steady improvement in ceramic ware for industrial purposes is demon- 
strated by a comparison of the physical and chemical characteristics of the 
product of today with those of a few years ago. 

Examples of modern apparatus and equipment made of ceramic ware and 
their application to the chemical and allied industries are illustrated and 


described 


Since the day when the Master Potter “formed man of the dust of the 
ground and breathed into his nostrils the breath of life,’’ mankind has, 
without knowing much about them, used the phenomena of plasticity and 
vitrification for the production of ceramic ware and has breathed into the 
inanimate clay the highest conception of form and beauty of his age. 

Our judgment of the comparative culture of the ancient civilizations of 
India, Persia, China, Japan, Egypt, Greece, Rome, and other lands as well 
as of the Indian peoples of our own continent is, in fact, based largely on 
their clay products which have survived the destructive action of time and 
the elements. 

In our day ceramics play an increasingly important part in every-day life, 
as quantity production methods have made it possible for most American 
homes to acquire facilities that only a few decades ago were luxuries 
available only to the comparatively wealthy. 

Ceramics, with a production in 1929 of over 400 million dollars for clay 
products alone, form the basis for one of our most important industries. 
In the popular mind this great industry is considered as being concerned 
with the production of art pottery, table and other ware for domestic 
purposes, electrical and sanitary ware and materials for building construc- 
tion. While these materials comprise a very large proportion of the total 
output of the ceramic industry yet they cover only a small section of what 
are today considered as ceramic products. For example, the classification of 
the activities of the American Ceramic Society includes, in addition to these 
domestic utensils and structural wares, such products as abrasives, cements, 
limes, plasters, enamels, glasses, and refractories. As many of these are not 
made from clay they are often more properly referred to as products of the 
Silicate industries. 
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Stoneware may be considered as the focal point of all ceramic materials, 
As an illustration of this let us take common brick, the crudest and cheapest 
of all clay products. If the physical properties of ordinary brick are im- 
proved, the mechanical strength and resistance to chemical action in- 
creased, and the porosity reduced, the result is stoneware. Or let us start 
from the other extreme and take porcelain, the most refined of all clay prod- 
ucts. If we modify its physical properties so as to make practicable the 
manufacture of large and complicated shapes for use in the chemical and 
electrical industries the result is again stoneware. 

It is impossible to consider the early development of stoneware apart 
from that of ceramic ware in general. Articles made from clay 12,000 years 
ago characterize the Neolithic age and it is certain that for many thousands 
of years ceramic ware has been in common use for domestic and decorative 
purposes. At first extremely porous ware was produced, fired at a compara- 
tively low temperature, but with the accumulation of hundreds of years of 
experience in the selection and treatment of raw materials and improvement 
in the technic of firing, the ware gradually improved in density, hardness, 
mechanical strength, and resistance to absorption and chemical action until 
ultimately it could be classed as stoneware. 

This gradual development had taken place in India, Persia, Mesopotamia, 
Syria, and other Asiatic countries over a period of about 3000 years with no 
very radical advancement until the Chinese, who have been properly 
described as the greatest race of potters the world has ever seen, brought it 
to a marvelous state of perfection. 

The first stoneware of high quality, completely non-porous and brown in 
color, was produced by the Chinese in the first century A.D. In the 9th 
century they succeeded in producing a white stoneware that may be con- 
sidered as the precursor of their porcelain which appeared in the 11th 
century and attained a quality that has not been surpassed to this day. 

Korea also produced, independently of the Chinese, a dense non-porous 
clay body, grey in color. The Japanese probably learned the art of making 
stoneware from Korea but by independent development they succeeded in 
producing articles that are unique in beauty and workmanship. 

The history of stoneware in Europe is not unlike that in Asia. Con- 
sidered merely as ceramic materials the early products of the Greeks, 
Etruscans, Romans, and others show little improvement over the highly 
porous ware fired at a low temperature made by the early Jews and Egyp- 
tians, although from an artistic point of view the products of Greece in 
particular are of unequaled grace and beauty. 

The bronze age produced a hard burned ware that appears to have been 
used as crucibles for metal fusion but it is questionable whether this material 
can be considered strictly as stoneware. There is however no doubt about 
the pipe-lines installed by the Romans that have been disinterred at many 
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places of Roman occupation in Eu- 
rope. This ware has all the character- 
istics of stoneware, the body being 
dense and non-porous, the quality 
excellent and modern testing methods 
prove it to be unquestionably the 
forerunner of the ware used today for 
technical and industrial purposes. 

The production of this ware was 
undoubtedly made possible by the FIGURE 1.—PHOTOMICROGRAPH OF 
accidental discovery of a suitable Ancient RomMAN STONEWARE DisIn- 
raw material in the Westerwald clay = @inkko ** BERNKASTEL A. D. MosEL, 
of Germany. This is well illustrated 
by a comparison of Figure 1, showing a photomicrograph of ancient Roman 
stoneware, with Figure 2 a similar photograph of Westerwald ware of 
recent manufacture. With the fall of the Roman dynasty, the first suc- 
cessful attempt to manufacture stoneware for technical use came to an end 
and was forgotten. 

How, when, and where the technic of the ancient Romans for the produc- 
tion of stoneware was rediscovered and resumed is unknown. Apparently 
it spread up the Rhine, then from Flanders to France and from Holland to 
England, gaining a foothold wherever a suitable raw material was found. 
A stoneware plant appears to have existed in Cologne as early as the second 
century. 

During the 14th and 15th centuries stoneware production became firmly 
established along the Rhine to Holland and thence to France, and thus the 
ware became popularly known as Cologne ware or grés de Flandres. An 
interesting relic of this period is a large stoneware vessel 36” in diameter 
by 44” high made in France and evidently used as a storage tank. 

It was not until the 17th century 
that the manufacture of stoneware was 
taken up in England. A large plant 
was erected in Staffordshire in 1688, 
was moved to Lambeth in 1710, and 
ultimately became the home of the 
famous “‘Doulton’’ or ‘‘Lambeth’’ ware. 
The production of stoneware was car- 
ried to its highest perfection by Josiah 
Wedgwood (1730-1795) whose bicen- 
tenary has recently been celebrated in 








Ficure 2.—PuoromicrocraPH or England. 


Common STONEWARE OF RECENT ‘ i 
Mates cin sacar “Waéacenerars The 19th century marked the begin- 
REGION ' ning of fundamental changes in the 
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development of the stoneware industry and the manufacture for the first 
time of stoneware for chemical uses. Some early examples of the use of 
stoneware for chemical purposes may be of interest. In the 8th century 
Geber produced nitric acid from niter, copper sulfate, and alum in stoneware 
vessels. In the 15th century Basilius Valentinus produced hydrochloric 
acid for the first time by distilling common salt with ferrous sulfate, also in 
a stoneware still, and with the same equipment produced sulfuric acid for 
the first time. In the 16th century large stoneware vessels were used for 
the preparation of sulfuric acid by burning sulfur with excess of air ina 
moisture-laden atmosphere and in the 17th century Glauber used stoneware 
vessels for the preparation of muriatic acid from salt and sulfuric acid. 

At the beginning of the 19th century England was the largest producer 
of chemicals and the manufacture of apparatus to serve this industry was 
initiated by the plants of Wedgwood and Doulton who were the first to make 
condensing coils, plug cocks, tanks, and other apparatus of acid-proof stone- 
ware. The Doulton plant is today an important producer of this ware. In 
1836 Ernst March founded a pottery in Charlottenburg, Germany, and, 
with his son Paul, who, while studying in England came to realize the 
relation between ceramics and the chemical industry, took up the manu- 
facture of chemical stoneware. From this modest beginning, largely 
by consolidation with other chemical stoneware plants, has evolved the 
Deutsche Ton & Steinzeugwerke, the world’s largest producers of this 
ware. 

In the United States the first stoneware plant appears to have been that 
of Remmey & Crolius, established in New York in 1735, and possibly much 
earlier. The plant was located between Reade and Duane Streets near the 
present City Hall. About 1800 one branch of the Remmey family ‘es- 
tablished an industrial stoneware plant in Philadelphia, which is operated 
today by the same family as John Remmey & Sons Co. 

As the demand of the chemical industry for stoneware equipment in- 
creased, ceramic plants to meet this need were built and operated in 
Brooklyn, New York; Camden, New Jersey; Akron, Ohio; Perth Amboy, 
New Jersey; and San Francisco, California. These plants produced only 
the simpler shapes, aad consequently large or complicated apparatus and 
stoneware machinery such as centrifugal and plunger pumps and exhaust 
fans had to be imported from England and Germany. In 1907 the importa- 
tions of the Deutsche Ton & Steinzeugwerke to this country were of suffi- 
cient volume to justify the installation of a plant at Keasbey, New Jersey, 
where the production of chemical stoneware now covers practically as 
broad a field as that of the parent organization. 

This brief history of industrial stoneware suggests the question as to what 
developments may be anticipated in the future and this can be answered 
with a fair degree of assurance. Large-scale production has, to a considera- 
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ble extent, though not entirely, taken the manufacture of stoneware equip- 
ment for technical purposes out of the hand of the craftsman and placed 
it under the scientific control of the chemist and engineer. As a result 
future advancement in the industry is less likely to come from a lucky 
discovery or haphazard experiments than from patient work in the plant 
and laboratory directed toward a specific end. Some of these objectives 
are to lower the coefficient of thermal expansion and to increase still further 
the density, mechanical, and dielectric strength, thermal conductivity, 
resistance to mechanical, electrical, and thermal shock and to the action of 
alkalies. As an example of the success that has already attended some of 
these efforts may be cited: 

(1) The production of monolithic stoneware insulators over 11 feet high 
(Figure 3) for a potential of 220,000 volts with the confident expectation 
that this will be increased to 380,000 volts in the near future. 

(2) The production of a stoneware body having a density, as measured by 
the absorption coefficient, equivalent to that of porcelain but capable of 
being fabricated into large shapes that are impracticable in porcelain. 

(3) The production of a ceramic material with a coefficient of thermal 
expansion of 0.10 X 10-® per 1°C. or about one-fifth that of quartz 
glass. 

There can be no better illustration of the progress that has been made in 
the manufacture of high-grade chemical stoneware than a comparison of 
the maximum values obtained for the physical properties of ware made in 
1931 with similar ware made only ten years ago as shown in the following 
table. 


1921 1931 

Ultimate Strength, Tension Lb. per sq. in. 1,650 7,500 
Ultimate Strength, Compression __Lb. per sq. in. 82,800 116,800 
Ultimate Strength, Bending Lb. per sq. in. 5,900 13,950 
Ultimate Strength, Torsion Lb, per sq. in. 3,570 4,580 
Modulus of Elasticity Lb. per sq. in. 5.95 X 10° 595 xX 108 
Coefficient of Thermal Expansion per 1 °F. 2.3 X10-* 0.083 xX 10-6 
Thermal Conductivity (B. t. u. per sq. ft. per hr. per 1°F. 

diff. in temp. through 1 ft. thick) 0.9 2.64 


Other important physical characteristics that have no absolute values are 
compared by empirical tests, the results of which are given below. 


1921 1931 
Hardness (by ball pressure test similar to Brinell) 1044 1253 
Resistance to fracture (by swinging hammer) 1.9 4.7 
Abrasion (loss of weight under sand blast) 3.0 1.8 
Toughness (loss of weight in ball mill) 3.6 2.6 


The raw materials, their treatment and the methods of shaping, drying, 
and firing of stoneware for technical use, are to a considerable extent the same 
as those of other branches of the ceramic industry, but the special nature of 
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this ware and the specific 
purposes for which it is used 
present many unique prob- 
lems that increase in number 
and complexity as the re- 
quirements of the chemical 
and other industries become 
more and more exacting. 

Ceramic products are made 
from a plastic material to 
which are usually added va- 
rious non-plastic materials 
that serve either as stiffeners 
or as fluxes and also have an 
important bearing on the 
nature of the finished product 
and on the behavior of the 
ware during manufacture. 

Many of the natural raw 
materials, especially the 
clays, vary considerably in 
chemical and physical charac- 
teristics even when taken 
from the same source of 

FIGURE oO ene Si ae —— INSULA- supply and consequently 
those used for the better 
grade of stoneware are always subject to strict control in the laboratory. 

In the manufacture of chemical stoneware the plastic materials used are 
clay, kaolin, and in certain exceptional cases, steatite. The non-plastic 
materials are commonly feldspar, silica in various forms, and broken stone- 
ware or porcelain, but many other materials are used for the preparation of 
bodies with certain required characteristics. Among the materials so 
employed are granite, basalt, porphyry, chalk, dolomite, magnesite, natural 
and artificial sillimanite, rutile, monazite sand, manganese dioxide, cobalt 
oxide, chromium oxide, fused silica, silicon carbide, ferro-silicon, zirconium 
oxide and silicate, cerium oxide, etc. 

The requirements of a properly prepared body for the manufacture of 
stoneware for technical purposes are high plasticity, maximum mechanical 
strength during drying and dehydration, freedom from soluble salts, ready 
dispersion of organic impurities by oxidation, uniform shrinkage during 
drying and firing, thorough vitrification at the maximum kiln temperature 
and a considerable range of temperature between the vitrification and the 
fusing points so as to avoid softening and consequent distortion during 
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firing. Stoneware clays having the desired characteristics are not widely 
distributed and in order to obtain a suitable body it is usually necessary 
to blend several raw materials with complementary physical properties. 

The raw materials are prepared for use by pulverizing and, when neces- 
sary, by filtering and washing. They are mixed by methods and equipment 
common to the ceramic industry except that in the preparation of clay 
bodies for the manufacture of chemical stoneware uniform grinding and 
very thorough mixing of the plastic and non-plastic materials and the 
added water is of the utmost importance, and special precautions have to 
be taken to prevent possible contamination with metallic iron. Magnetic 
separators are used for this purpose and granite or hard stoneware is used 
in preference to metal for grinding and mixing equipment. 

Ceramic materials in general may be considered chemically as compounds 
of alumina and silica with various basic oxides. In the case of stoneware 
the average content of alumina is 2 to 5.5 per cent. ; of silica 10 to 26 per cent., 
the basic oxides being FeO, CaO, and KO, although recently developed 
ware covers a considerably wider range. All these oxides can be substituted 
in part or entirely by others with remarkable modification of the properties 
of the ware. Thus the Al,O; may be replaced in part by B.O3, Cr2Os, 
Fe,O3, etc., and the SiO. may be substituted in part by TiO2, SnOe, ZrO2, and 
even P,O;. The basic oxides may include one or more of SrO, BaO, MgO, 
ZnO, NiO, CoO, MnO, BeO, Na,O. 

The effect of these changes in composition on the physical, and even more 
on the chemical, properties of the ware cannot be discussed in detail here 
but it will be realized that ceramics offer an almost unlimited range of 
products having characteristics that can be modified within very wide 
limits to meet the most exacting demands of the chemical and other 
industries. 

The first attempt to give shape to a ceramic body was doubtless by 
pounding a hollow into a lump of plastic clay with the fist orastone. Later 
the clay was rolled out into bands or strips and wound round a natural or 
artificial form. Still later it was pressed or poured into a mold of the 
desired shape. At a comparatively late date, considering the antiquity 
of the art, came the potter’s wheel, reputed to be the first machine. Most 
of the methods used for forming clay products today are in principle the 
same as those of a thousand years ago but the present gigantic steam, 
hydraulic and screw presses, the electrically operated turntables, the large 
and complicated plaster molds bear no resemblance to their simple fore- 
bears. In the case of chemical stoneware, the variety of shapes required 
for industrial chemical purposes is so wide that all the various methods 
of forming clay products are utilized. 

The forming of the clay body into the desired shape is followed by the 
drying of the ware. The water content varies with the method used for 
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shaping, from 5 to 8 per cent. when the ware is dry pressed, up to 30 per 
cent. when the casting process is used. The removal of the moisture has 
to be conducted very slowly, the time required naturally depending on the 
moisture content and the thickness of the piece. The drying is accompanied 
by considerable shrinkage in dimensions, due allowance for which has to be 
made when forming the piece. Uneven drying results in a corresponding 
unequal shrinkage with consequent distortion of the shape and the produc- 
tion of internal stresses that may ultimately result in fracture. In order to 
ensure uniformity, the drying cannot proceed faster than the rate at which 
the moisture can pass to the surface from the interior of the wall. Where 
the walls are of unequal thickness special precautions have to be taken to 
retard the rate of drying of the thinner wall so that the shrinkage may be 
uniform throughout. The rate of drying naturally depends on the tempera- 
ture, moisture content, and rate of movement of the atmosphere that can be 
controlled only to a limited extent in the open. Special chambers in which 
the temperature, humidity, and air circulation can be varied as desired are 
frequently necessary for drying the complicated pieces required by the 
chemical industry. 

The dried ware has little mechanical strength and in a moist atmosphere 
readily returns to its original consistency. By heating the ware to a 
temperature approaching the softening point, a number of interesting 
phenomena occur, culminating in the acquisition of those properties that 
make the product so valuable for industrial purposes, 7. e., density, hardness, 
toughness, and in particular an extraordinary resistance to physical and 
chemica! influences. 

A brief survey of the changes that take place when a piece of dried ware 
is heated to the vitrifying point will illustrate the many factors that have to 
be taken into consideration in the firing of stoneware and the corresponding 
safeguards that have to be adopted to insure a perfect product. The 
dried ware still contains up to 3 per cent. of water mechanically held, 
which is evaporated as the heating proceeds and is completely removed as 
the temperature reaches about 170°C. The hydrous aluminum silicate, of 
which the clay is composed, begins to give up its combined water at about 
400°C. and the decomposition is complete at about 900°C. During this 
dehydration period, the average clay body is considerably weaker mechani- 
cally than when bone dry. Then follows the recombining of the free alumina 
and silica in the form of various aluminum silicates in which sillimanite, 
Al,O3‘SiOz, and mullite, 3A1l,03-2SiOe, preponderate. At a temperature of 
575°C. the crystalline quartz in the body changes from the 6 to the a form 
with a sudden increase in volume. The oxidation of carbonaceous matter 
occurs between 400°C. and 900°C. and requires a carefully controlled 
oxidizing atmosphere in the kiln. 

The profound chemical and physical changes that completely alter the 





wr © 00 =& © 0 82 OO SO 


a 














Vor. 9, No. 5 CERAMICS AND CHEMISTRY 803 


appearance and properties of the ware begin at about 900°C. Above this 
temperature the silica and alumina are largely dissolved by the fluxes pres- 
ent in the body to form an amorphous, glassy matrix in which are sus- 
pended the undissolved particles that were originally present in the body 
and those formed as the result of chemical reactions and recrystallizations 
taking place as the temperature increases (Figure 4). As these phenomena 
can only take place at the contact surface of the particles, it will be realized 
that their size and the rate at which the temperature is increased must have 
an important bearing on the properties of the finished product. 

The shrinkage that takes place in drying the green ware has already 
been noted. During the firing of the ware the loss of weight due to the 
removal of the combined 
water of the clay is accom- 
panied by a further diminu- 
tion in volume and an in- 
crease in the porosity. As 
vitrification proceeds the 
voids so formed are. filled 
with the glassy eutectic. The 
amount of shrinkage that 
takes place during drying 
depends on the quantity of 
water mechanically held be- 
tween the particles of the 
body, while the shrinkage 
that accompanies the firing 
of the ware depends on the 
chemical and physical char- 
acteristics of the body and FIGURE 4.—PHOTOMICROGRAPH OF STONEWARE 
especially on the percentage BoD", Seownvo Fay-Saarma DEVELOPMENT on 
of pre-burned non-fluxing 
materials or ‘‘grog’’ and on the fineness to which the various constituents are 
ground. Other factors affecting the shrinkage during firing and conse- 
quently the accuracy and qualities of the finished product are the firing 
temperature, the duration of the firing period, and the nature of the 
atmosphere in the kiln. 

The vitrification of the stoneware used for industrial purposes is usually 
complete at 1250°C., although other stoneware bodies developed for 
special purposes vitrify at much lower or higher temperatures. 

As this maximum temperature is approached the ware receives a “salt 
glaze.” Stoneware is unique among ceramic products in that it is the 
only ware that can be glazed satisfactorily by this method. It is carried 
out by first creating a reducing atmosphere in the kiln after which common 
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Courtesy General Kiln & Furnace Co., New York City 
Ficure 5.—‘‘KERAKILN”’ TUNNEL KILN 





salt is thrown on to the fuel bed. The salt vapor permeates the kiln and 
coming in contact with the surface of the ware combines with the aluminum 
silicate to form a sodium-aluminum silicate, the chlorine in the salt being 
evolved as hydrochloric acid gas. A satisfactory salt glaze requires in the 
body a high content of free and finely divided silica, a low content of 
flux, thorough vitrification of the ware and the full heat of the fire. 

Salt glaze is dense and hard, and resists all chemicals excepting only 
hydrofluoric acid and hot strong caustic alkalies that also attack glass. It 
differs from all other glazes in being pyrochemically combined with the 
body so that it cannot peel off or develop the minute fissures known as 
“crazing’”’ often found in other glazes; it is smooth and has an attractive 
appearance. Salt glaze, which has been known since the 11th century, has 
thus proved to be the ideal glaze for industrial and chemical purposes. 

When the salt glazing of the ware is completed the kiln atmosphere is 
again changed from reducing to oxidizing and the temperature increased 
in order to give to the glaze a smooth surface and bright luster. The 
contents of the kiln are then very slowly cooled until the ware can be re- 
moved. Special precautions have to be taken to prevefit sudden cooling 
of the very hot ware by the ingress of air. - The kilns are bricked up tightly 
and cooled by radiation only, which takes from two to eighteen days depend- 
ing on the size of the kiln and the nature of the contents. 

The conventional type of round or rectangular kiln is in common use 
for carrying out the operations that have been described. Coal is com- 
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monly used for fuel and the resulting fuel bed very greatly facilitates the 
salt-glazing operation. In these kilns the products of combustion come 
into direct contact with the ware. For the production of ware that is 
coated with an applied glaze or that is’to be unglazed, it is necessary 
to protect the ware from dust and volatile impurities in the fuel. In the 
case of quite small shapes this is done by packing them into “‘saggers,”’ 
i. e., Closed containers made of fireclay. Larger shapes are protected by a 
firebrick curtain or ‘“‘muffle’”’ between the firing zone and the interior of the 
kiln. 

The thermal efficiency of the conventional periodic kiln is very low and 
various types of kiln have been developed in attempts to utilize the heat 
that is largely wasted in cooling down kilns of the periodic type. The gas- 
fired chamber kiln consists of a series of chambers that are put under fire 
in rotation at regular inter- 
vals, the hot gases from a 
chamber that is cooling down 
being diverted into another 
that is being heated. .The 
maintenance cost of kilns in 
which the large volume of 
brickwork is alternately sub- 
jected to expansion and con- 
traction due to change in 
temperature over a very wide 
range has been a major factor 
in the evolution of the tunnel 
kiln (Figu re 5), in which FIGURE 6.—STONEWARE DRAINLINES AT STER- 
the ware is placed on flat cars LING LABORATORY, YALE UNIVERSITY 
which are pushed through 
a tunnel, the various zones of which are progressively maintained at the 
desired temperatures. The ware is thus given the desired time-tempera- 
ture-kiln atmosphere treatment at a minimum cost of fuel and of kiln 
maintenance. These special kilns are excellent for the firing of ware of more 
or less the same size for which there is a fairly uniform demand. They have 
not yet been found quite practical for the firing of industrial stoneware 
where the demand is irregular and where the material to be fabricated varies 
from shapes weighing a few ounces to others weighing a ton or more. 

A smooth bright glaze adds to the appearance and utility of stoneware 
and widens the possible field of usefulness for industrial purposes. Salt 
glaze has all the desired characteristics for industrial ware but cannot always 
be applied, as it depends on the salt-laden atmosphere of the kiln coming 
into contact with the surface to be glazed, which is not always possible as, 
for example, in closed vessels or in long pipes of small diameter. Also, a 
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special glaze is often required for some specific purpose to have a definite 
color or certain special characteristics. In such cases the glaze is applied to 
the surface by brush or spray or by dipping. Such glazes consist of pre. 
pared mixtures of silicates having certain properties that must bear a 
definite relationship to the body to which they are applied. Their shrink. 
age on drying and firing must approximate to those of the body; they must 
fuse at the vitrifying point of the body and solidify on cooling to a smooth, 
bright, uniform, and fairly hard surface, and they must have practically 
the same coefficient of thermal expansion as the body throughout the very 
long range from the vitrifying point to atmospheric temperature. If these 
requirements are not met, strains are set up between the glaze and the body 
which result in peeling or splintering of the glaze, or the development of 
glaze cracks either during manufacture or after the ware has been in service 
for some length of time. Ob- 
viously a glaze to give satis- 
factory service must be com- 
pounded to ‘“‘fit”’ the body to 
which it is to be applied. 
Glazes for ware intended for 
chemical or other industrial 
purposes must meet all these 
requirements and in addition 
must be free from acid-soluble 
salts and must resist a fair 
amount of abrasion. 

It is not possible to main- 
tain the dimensions of ceramic 
shapes within the close limits 
that are possible in metal, 
wood, and other structural materials. The high shrinkage of ceramic ware 
during manufacture cannot be controlled with any very great degree of 
accuracy and some slight distortion in the firing is almost inevitable. Con- 
sequently, where extreme accuracy is required it is necessary to machine 
the finished ware. 

The physical properties of stoneware make it impossible to use the 
conventional equipment and methods employed in machining metal, wood, 
etc. Stoneware is in particular a poor conductor of heat compared with 
the metals and any attempt to machine the ware in the usual way would 
result in intense local overheating at the point of contact which would sboil 
the temper of the tool and crack the ware. 

Stoneware is therefore usually ground to dimensions. Grinding ma- 
chines common to other industries are adapted to this purpose and machines 
designed for the specific purpose of grinding stoneware are also used. 

















FIGURE 7.—STONEWARE JIGG TUB AND ROLLS 
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FIGURE 8.—STONEWARE VINEGAR GENERATORS 


Stoneware can thus be ground to within a small fraction of a millimeter of 
the desired dimensions and if made of a fine-grained ware can be finished 
toa beautifully polished surface. 

The production and consumption of various commodities, of which 
sulfuric acid is a classic example, have often been taken as a measure by 
which the material progress of nations might be compared. 

Ceramic ware is perhaps the most reliable of these yardsticks. It has, 
been bound up with the social, domestic, and cultural life of the peopie from 
the beginning of recorded time to the present day. During these thousands 
of years, ceramic production has kept pace with and has in part been 
responsible for the increase in our material well-being. It is scarcely an 
exaggeration to say that in the civilized world today ceramic products 
enter into every phase of our daily life from the cradle to the grave—from 
pre-natal baths of white glazed stoneware to anticipate our arrival to 
stoneware grave vaults to protect and preserve our remains. Homes and 
public buildings are built of brick, ornamented with terra-cotta, roofed and 
paved with tile, heated by brick furnaces and chimneys, drained by stone- 
ware pipe-lines, protected by porcelain insulation, furnished with porcelain 
sinks and sanitary fixtures, decorated with ceramic objets d’art, and our 
food is prepared and served in ceramic vessels and utensils. Farms are 
irrigated and drained by ceramic pipe and in urban centers ceramic ware 
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is used in immense quantities for pavement, water supply, sewers, and 
electrical conduits. 

A development in the stoneware field that has assumed very large pro- 
portions in recent years is the equipment of chemistry and physics labora. 
tories with chemical stoneware sinks, drain lines, sumps, neutralizing tanks, 
etc. When the Sterling Chemistry Laboratory at Yale University was 
built in 1921, it was intended to be the last word in laboratory construction, 
A thorough investigation was made by the university authorities of al] 
the materials available for handling the acids and other highly corrosive 
chemicals used in the laboratory. The selection of stoneware as the best 
material for this service has been amply justified by the experience of the 
past eleven years. This was the first large institution in which stoneware was 
used for laboratory sinks and drain-lines (Figure 6). A list of the colleges 
and universities whose labo- 
ratories have been equipped 
with stoneware since that 
time is practically a roster of 
our leading institutions of 
learning. It includes Yale, 
Harvard, Princeton, Colum- 
bia, Vassar, Johns Hopkins, 
Duke, Purdue, New York, 
Fordham, Pittsburgh, Le- 
high, Tulsa, Vanderbilt, 
Berea, Toledo, McGill, Wes- 
leyan, Detroit, and the State 
Universities of New Hamp- 

FIGURE 9.—ARMORED STONEWARE CENTRIFUGAL cise, Marylews, ORin, We 

Pump Virginia, Tennessee, Wiscon- 

sin, Indiana, Nevada, Cali- 

fornia, and California at Los Angeles, as well as hundreds of smaller in- 

stitutions, research and industrial laboratories throughout the United States 
and Canada. 

A newer development is the use of stoneware equipment in hospitals and 
medical schools. For this purpose a white ware covered with a brilliant 
white glaze has been evolved. This ware combines an attractive appearance 
with the useful properties of chemical stoneware and is easy to keep clean 
and aseptic. 

An interesting example of a special ceramic ware developed to meet a 
specific need is an exceptionally dense stoneware used in making control 
pots for botanical research. It has been demonstrated* that the absorp- 


* J. S. McHarcue, ‘‘Manganese and Plant Growth,” Ind. Eng. Chem., 18, 172 (Feb., 
1926); ‘‘Common Earthenware Jars a Source of Error in Pot Experiments,” J. Agr. 
Research, 27 (Nov., 1923). 
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tion and subsequent release of mineral iutrients by the walls of ordinary 
earthenware pots is sufficient to render experimental work carried out 
in such vessels almost valueless. A stoneware has therefore been pre- 
pared for the purpose that has practically the same absorption as porcelain 
but can be made up into much larger shapes than are practical in 
porcelain and at a fraction of the cost. This ware is now also finding 
many industrial applications as, for example, large electrical insulators, 
electrolytic cells, particularly for the separation of precious metals, dyeing 
and bleaching equipment, and rolls for the manufacture of photographic 
paper. 

The textile industry presents a number of interesting problems to the 
ceramist. The chemical products used in bleaching and dyeing are very 
corrosive and chemical stoneware 
would appear te be the logical ma- 
terial to use for tae processing equip- 
ment in this industry, especially as 
it is the material in which most 
of these chemicals are manufactured 
industrially. Thekiers, vats, washers, 
and other containers used in the 
textile industry are, however, usually 
somewhat larger than it is possible to 
make in stoneware and the thermal 
conditions are rather severe for ves- 
sels of large dimensions if made of 
a highly vitrified ware. This handi- 
cap has been overcome by the use 
of a soft, more or less refractory 
body that will withstand the frequent eocinis 0.-<Assaneeet Meaeiirediants 
alternation of heating to the boiling Exuaust Fan 
point and cooling to atmospheric 
temperature to which textile equipment is constantly subjected. As this 
ware is quite porous it is covered with a heavy, dense glaze having the 
same coefficient of expansion as the body. Jigg rolls and tubs (Figure 7), 
reels, slack washers, and other processing equipment made of this ware now 
bring the cleanliness and chemical resistance of ceramic ware to the textile 
industry. 

In addition to these special materials the usual chemical stoneware 
piping, pumps, valves, tanks, and other acid handling equipment of the 
chemical industry are used in the textile mill for the storage and distribu- 
tion of corrosive liquids. 

One important advantage of chemical stoneware for such purposes is 
that there is no possibility of contamination by metals that may decompose 
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the solutions (a serious consideration 
in the case of peroxide of hydrogen) or 
by the formation of metallic salts which 
may stain the goods. 

In the manufacture of food products, 
stoneware finds a steadily increasing 
field of usefulness. The ceramic uten- 
sils used in the home kitchen for the 
preparation of food have their counter- 
part in the factory in large stoneware | 
vats for pickling, preserving, process- 
ing, and storage of all kinds of food 
products, and in pumps, piping and 
valves for fruit juices, vinegar, ginger 
ale, and other beverages. 

Stoneware has a very definite place 
in the vinegar industry. A few years 
ago a Broadway lyricist in describing 
the toughest part of the town referred 
to it as “‘down by the winegar woiks.” 
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It must be admitted that the average vinegar plant, using wooden fermen- 
tation vats, piping, and accessories, is certainly not an asset to the neigh- 
borhood. The inevitable seepage through the walls of the tank, corrosion 


of hoops, and consequent leakage, loss of prod- 
uct in the effluent gas, unsatisfactory thermal 
conditions due to poor conductivity, occasional 
“‘poisoning”’ of the fermentation bacteria, can 
all be avoided by the use of stoneware equip- 
ment which is non-porous and incorrodible and 
can be kept absolutely clean and sterile 
(Figure 8). 

Photography consumes a considerable part 
of the output of industrial ceramic ware for 
the manufacture of developing and fixing 
materials, silver halides and other light- 
sensitive salts, for rolls used in the manu- 
facture of photographic paper and trays used 
in the developing and finishing of photographic 
film and plates. : 

Stoneware is used in the pulp and paper 
industry in the form of tile for lining pulp 
digesters and other equipment, perforated 
blocks or ‘“‘drainer tile,’ towers and tower 




















FiGURE 12.—STONEWARE 
Acip Ecc or BLow Case 
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packers for making sulfurous acid and 
sulfites, equipment for the manufacture 
and handling of chlorine and chlori- 
nated products; rolls, piping, pumps, 
valves, etc. 

The unique physical and chemical 
properties of stoneware are constantly 
finding new industrial applications, a 
few of which have been noted, but 
it is in the chemical and allied in- 
dustries that stoneware for technical 
purposes finds its greatest demand. 
It would be quite impossible even to 
mention the many applications of 
stoneware in this field, for they cover 
practically every branch of chemical 
manufacturing and processing. In the 
early days of industrial chemistry 
ceramic ware was a sine quad non to the 
production of acids, halogens, and 
other highly corrosive materials and 
this is still true in regard to a few 
chemical products. 

é : : FicurE 13.—Avtomatic AcID 

Progress in other lines, notably in RERVATOR 
the metallurgical field, has brought 
forward alternative structural materials for chemical plant that are satis- 
factory for some purposes but not so for others. Many of these materials 
have very definite places in chemical engineering but none of them offers 
the universality of stoneware for chemical plant construction and they are 
almost invariably much more expensive. 

Some particulars in regard to the equipment regularly used in the chemi- 
cal and allied industries will illustrate what has so far been accomplished 
in this line and may offer some suggestions as to the use of this ware for 
other purposes. 

In view of the rather low tensile strength of clay products as compared 
with many metals, the achievement that most impresses the layman is the 
manufacture of high-speed machinery made of stoneware. Stoneware 
centrifugal pumps (Figure 9) for handling corrosive liquids, irrespective of 
their nature or concentration, and stoneware exhaust fans (Figure 10) for 
moving acid gases are designed for working speeds up to 2000 r. p. m. and 
are regularly tested to 3000 r. p.m. or more. The internal construction of 
these machines including the impeller is entirely of stoneware and the 
housing is protected from external damage by a metal shroud. Stoneware 
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coils (Figure 11) find a wide application in the chemical industry for con- 
densing and cooling all kinds of chemical products, of which bromine, nitric 
acid, and acetic acid are typical. The com- 
paratively low thermal conductivity of the 
ware is compensated by making walls ex- 
tremely thin, a coil with a 2” bore, for example, 
having a wall only '/s” thick. The stoneware 
tube, often 80 ft. or more in length, is sup- 
ported on a sturdy stoneware frame but is not 
connected to it in any way, so that the tube is 
free to expand and contract with changes in 
temperature. It might be assumed that such 
coils are extremely fragile, but they have been 
safely shipped to all parts of the world and 





























FiGuRE 15.—MEYER TOoURILL FOR THE ABSORP- 
TION OF HyprocHLoric Acip Gas 


















many of them have been in constant service 
for fifteen years or more. 

A number of interesting devices are on the 
market for raising liquids by compressed air. 
Figure 12 shows the usual type of acid egg 
which is alternately filled by gravity from a 
reservoir and then closed and subjected to 
internal air pressure which forces the liquid up 
the delivery pipe. Figure 13 shows an appa- 
ratus in which these operations are carried out 
8 aN sss SD automatically, the compressed air being turned 

Ficure 14.—Sroneware on and off by means of a spherical float-valve 
ToweR PACKED wiTH Ra- ag the vessel is alternately filled and emptied. 
SCHIG RINGS i S 

These automatic acid elevators are excellent 
for the transfer of corrosive liquids in smaller quantities than a pump 
would normally handle, as they are completely enclosed and have prac- 
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tically no moving parts, the travel 
of the valve ball being only a fraction 
of an inch. 

One of the most valuable tools of 
the chemical industry is the packed 
tower (Figure 14) for bringing a liquid 
into intimate contact with a gas for 
the purpose of solution, reaction, dis- 
tillation or fractionation, and occa- 
sionally also for immiscible liquids of 
different specific gravity. Hundreds 
of types of packing for such towers 
have been patented, a large number 
of which have no practical value. 
Occasionally we find towers packed 
with such materials as bricks, coke, 
quartz, or pumice stone. This is 
usually very short-sighted economy 
as the filling itself occupies 50% or 
more of the volume of the tower so 
that for the same effective volume 
much larger towers are required than 
when a more practical packing is 
used. The most effective tower 
packing so far devised is in the — aii nm rae 
form of small cylinders having the 
same length as outside diameter. These ‘‘Raschig” rings are merely 
poured into the tower and therefore pack in a perfectly heterogeneous 
manner so that there is a complete absence of lines of least resistance 
through which the gas or liquid would otherwise short-circuit, and uniform 
distribution of the two fluids is therefore assured. The effective volume in 
towers filled with this type of packing is larger than with most other types 
and the weight is therefore also much less. The exposed surface per unit 



































FicurE 17.—STONEWARE BELL AND SPIGOT PIPE 
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FIGURE 18.—STONEWARE PIPE 26 
FEET LONG 


acid is shown in Figure 15. 


either by exposure to the air or by water 
spray or by immersion. The type of tourill 
most favored for the manufacture of muriatic 


For many purposes involving the application 
of heat, the comparatively low thermal con- 
ductivity of ceramic ware is more than,com- 
pensated by the durability, complete resistance FOR STONEWARE PIPE 
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volume is usually taken as a measure 
of the efficiency of a tower packing, 
With Raschig rings this may be taken 
roughly as inversely proportional to 
the diameter of the ring and conse- 
quently as small a ring as possible 
should be selected. Practical con- 
siderations, such as cost, resistance to 
fluid flow, and sometimes danger of 
clogging, limit the size of the ring. 
For most purposes the 25-mm. size is 
found to be satisfactory and hundreds 
of millions of rings of this size are in 
service in the chemical and allied in- 
dustries, particularly in the petroleum 
and natural-gas fields. For small 
towers and especially for fractionating 
columns the 15-mm. size is often pre- 
ferred. 

In some exothermal operations of 
which the solution of hydrochloric acid 
gas in water is the most conspicuous 
example, the heat evolved must be 
dispersed if the operation is to proceed. 
This problem can be handled in a 
tower by internal cooling or by increas- 
ing the volume of liquid flowing through 
it so that the rise in temperature is 
not excessive. A common practice, 
however, is to carry out the operation 
in specially shaped vessels of relatively 
small capacity through which the liquid 
flows by gravity counter-current to 
the gas. These vessels or ‘‘tourills’’ 
are cooled 























FIGURE 19.—FLANGED JOINT 
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to chemical influences and low cost of stoneware 
equipment. Stoneware kettles of the type shown in 
Figure 16 with or without the cover and agitator are 
used for nitration, sulfonation, chlorination, oxidation 
with nitric acid (as in the manufacture of arsenic acid 
from arsenious oxide), the manufacture of metallic 


815 


























salts, and for hundreds of other chemical purposes. 


FIGURE 20.— 


There is no limit to the uses of stoneware piping FLANGED STONE- 


for handling corrosive chemicals. 


For most purposes 


WARE ‘THREE-WAY 
PiLuc Cock 


bell and spigot pipe (Figure 17) is satisfactory, the 
joint being made with an acid-resistant cement or mastic, the composition 
of which varies with the liquid to be handled. The bells are made 4 inches 

















FiGuRE 21.—ARMORED STONEWARE 
Cock 


deep—twice the depth of ordinary 
sewer pipe—the annular space for the 
cement is made as narrow as is con- 
sistent with making a satisfactory 
joint. The outside of the spigot end 
and the inside of the bell are corru- 
gated so as better to hold the cement. 
The pipe is usually made in 5-foot 
lengths but can be made much longer 
if desired. Figure 18 shows one of 
these pipes 26 feet long. For handling 
fluids under pressure it is often desir- 
able to use flanged joints. The type 
of taper flange used is shown in Figure 
19, adjacent flanges being held to- 
gether by cast iron collars conforming 
to the taper of the flange. Gaskets of 


rubber, asbestos, or other suitable material are used between the flanges and 
occasionally pipe-lines are set up without gaskets by carefully grinding and 


polishing the flanges. This 





construction, however, is rec- 
ommended only in excep- 
tional cases. 

Plug cocks (Figure 20) for 
use with stoneware pipe-lines 
are made with ends to corre- 
spond with those of the pipe. 
These cocks are made of an 
especially hard and dense 
body and are good for pres- 
sures up to 60 pounds per . 

















FIGURE 22.—STONEWARE PLATING TANK 
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FIGURE 23.—CyYLINDRICAL 
Pot 





May, 1932 


square inch. Where pressure conditions are 
such that stoneware does not have the neces- 
sary tensile strength, the pipe, fittings, plug 
cocks, etc., are encased in a metal shell as 
shown in Figure 21. 

Stoneware, being formed from a plastic 
material, allows the greatest possible flexi- 
bility in the design of special equipment and 
stoneware containers of every imaginable 
shape are regularly made in this ware. The 
simplest shapes are, of course, plain rectan- 
gular and cylindrical tanks (Figures 22 and 23) 
which are regularly made in capacities up to 
1000 gallons or so. Among the hundreds of 
uses for such vessels are electroplating and 
galvanizing, metal cleaning and _ finishing, 


photo-engraving, etching, and storage batteries. (See Figures 24 and 25.) 
Where tanks of larger dimensions than can be made in one piece are required 
they can be made in several units bolted together, or tanks of any desired 











Ficure 24.—STONEWARE TANKS AT THE PLANT OF THE NATIONAL ELECTROTYPE 
CoMPANY 
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shape made of other mate- 
rials, such as concrete, wood, 
or steel, may be lined with 
acid-proof brick or tile. 

For the storage of corrosive 
liquids the vessel shown in 
Figure 26 has proved to be 
the most satisfactory. It is 
mechanically strong, the cost 
per unit volume is low com- 
pared with other shapes and 
the restricted opening at the 
top is a desirable feature when 
handling volatile or hygro- 
scopic liquids. It is made in 
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FicureE 25.—Hotmstr6mM ETCHING MACHINE 


FOR COPPER PLATES 


capacities up to 775 gallons but the 525-gallon size is usually found to be 
the most convenient. For the storage of tank-car lots several of these 
vessels are connected by automatic siphons so that the unit may be 


filled or discharged from one point. 


(Figure 27.) Hundreds of these 


installations are in service for the storage of all kinds of corrosive liquids 
such as muriatic and nitric acids, sodium hypochlorite, red oil, hydrogen 
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FIGURE 26.—STONEWARE STORAGE 


VESSEL 


peroxide, tin tetrachloride, etc. 

It has been possible to make only a 
very brief survey of the more impor- 
tant stoneware equipment used in the 
chemical industry. A substantial part 
of the production of the industrial 
ceramic plants includes grinding mills, 
filters, evaporating and crystallizing 
dishes, sublimers, hydrogen sulfide 
generators, condensers, valves, damp- 
ers, traps, gutters, injectors and other 
jet apparatus, vacuum apparatus, 
autoclave liners, as well as a large 
amount of small miscellaneous ware 
such as dipping baskets, carboys and 
carboy stoppers, pots, jugs, funnels, 
ett. 

It is interesting to note how much 
of the equipment that has been de- 
scribed finds its counterpart in the 
chemical laboratory. The flask in 
the laboratory is replaced by the 
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FIGURE 27,—STONEWARE STORAGE SYSTEM FOR SODIUM HYPOCHLORITE AND 
MourIiatTic ACID AT THE RAYON PLANT OF THE AMERICAN ENKA CORPORATION 


stoneware tank in the plant, the beaker is represented by the stoneware 
kettle, the funnel by the suction filter, the Liebig condenser by the coil, 
glass beads by Raschig rings, etc. 

One great advantage of stoneware for industrial chemical purposes is, 
that not only is laboratory apparatus translated directly into plant equip- 
ment but the glass and porcelain of the laboratory is replaced in the plant 
by another ceramic product similar in composition and physical character- 
istics. This eliminates many of the discrepancies between laboratory 
results and plant operation for which it is often so difficult to find an 
explanation. 

Attempts to solve corrosion problems by the use of structural materials 
that are resistant only under certain limited conditions have been largely 
unsuccessful, to judge by the vast amount of space still devoted to them in 
the technical press and at the meetings of technical societies. Every 
chemical engineer is familiar with such cases—sulfuric acid pans of lead 
that failed because the acid was inadvertently too strong, sulfuric acid tanks 
of iron that failed because the acid was too weak, nitric acid towers of so- 
called acid-resisting metal that failed because the oxides of nitrogen con- 
tained chlorine and hydrochloric acid, acid pipe-lines of so-called acid- 
resisting alloys that failed because the acid contained considerable ferric 
chloride, food products tainted by the action of organic acids in metal 
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processing equipment—such cases could be multiplied almost indefinitely 
and each time the difficulty has been overcome by replacing the material at 
fault by an acid-proof clay product usually at a fraction of the original cost. 
The answer of the ceramic industry to the corrosion problem of the chemical 
and allied industries is that there is no such problem. 

Thus ceramics, the world’s oldest handicraft, that has for a hundred 
centuries contributed so much beauty and comfort to the life of mankind is 
now transformed by scientific research and modern manufacturing methods 
into an important agent in the material progress of the present industrial 
age. 
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SOME CHEMICAL ASPECTS OF CANCER RESEARCH* + 


ELLICE McDONALD, CANCER RESEARCH LABORATORIES, UNIVERSITY OF PENNSYLVANIA, 
PHILADELPHIA, PENNSYLVANIA 


Cancer is the most important problem of our time because of the great death 
rate and the enormous increase of incidence within the last twenty-five years, 
There is great need for research to discover new facts about the disease for its 
prevention and cure. The problem should be attacked from the consideration 
of the chemistry of vital systems, in which the cell, the smallest particle capable 
of sustaining life, 1s the unit. 

A model concept of such a biological system may be set up in four components: 
(1) nucleus, (2) protoplasm, (3) cell membrane, and (4) environment. Each of 
these phases is of importance in the heterogeneous vital system. The cancer 
cell has been shown to have a different set of chemical reactions (metabolism) 
from normal cells. There is a defect in the oxidative processes and a larger 
production of lactic acid. The degradation of glycogen (the sole source of cell 
energy) to lactic acid apparently follows a different path in cancer. The nature 
of the injury to the oxidative processes of the cell is the most significant fact of 
present-day cancer research. The repair of this injury and the production of a 
more oxidizing potential than the limiting oxidation-reduction potential neces- 
sary to cell division, gives hope of transforming the cancer cell back to a normal 
chemical metabolism. A chemical cure of cancer seems, therefore, only a 
matter of time, trouble, and intelligent effort. 


Cancer is the most important human problem of our time: first, because it 
kills more people than any other single disease (heart disease which is higher 
in the mortality records is a combination of heart, kidney, high blood pressure 
and other diseases); second, because it has increased so greatly in incidence 
in recent times. In 50 American cities with a total population of 30 million, 
there has been a 58.2 per cent. increase in cancer deaths in 25 years. In the 
state of Pennsylvania, there has been a 62 per cent. increase in the same 
time. In Australia, in a decade, there has been an increase of 40.5 per 
cent. in deaths from this disease. 

Not only has the mortality rate for cancer increased, but the rate of 
increase is becoming greater. In the statistical bulletin of the Metropolitan 
Life Insurance Company, which gives the mortality records of their policy- 
holders for the first nine months of 1931, is the following statement, “The 
mortality record for cancer is the most unfavorable item to date (Oct., 1931) 
in the health record of 1931. We know of no explanation for the marked 
rise in the cancer death rate. It is true that, over a long period of years, an 


* Lecture delivered before the Chemical Society of Washington (Local Section of 
the A. C. S.), Washington, D. C., November 12, 1931. 

} In the preparation of this manuscript the author is indebted for assistance and 
criticism to the chemists in our laboratories, particularly Doctors Fosbinder, Bancroft, 
and Schroeder and also to Dr. E. O. Kraemer, Consultant to the Cancer Research. 
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upward trend has been observed in the mortality from cancer, but no 
such decided rise (6.4 per cent.) has been observed in any one previous 


ear.” 
' In 1930, the mortality rate for white women was 117 per 100,000 of 
population and, if the future increase be calculated upon the past increase, 
in sixty years, the mortality rate for this class will be 192 per 100,000 of 
population and, in 100 years, cancer will take a stupendous toll of death in 
adult white women. Such a result is so contrary to human experience, 
that we can only believe that something will intervene to prevent it. 

Cancer is a more important problem than war, pestilence, orfamine. In 
the United States, approximately 130,000 people die annually from cancer. 
An estimate of mortality in the war years was made in Canada as an 
example of a small self-contained population of European stock. In 
the four years of a war, unequaled for its losses and in a country which 
suffered war casualties about proportionally with the rest of the British 
army, the deaths at home of men and women from cancer in those four war 
years were almost exactly equal to the army casualties from war service. 
In England in 1928, more than 12 per cent. of all deaths were from cancer. 
The casualties of cancer were as great as the casualties of war. We fight 
a losing battle every year with cancer and receive casualties equal to those 
of a devastating war. 

Something must be done about it and that something must be in the 
nature of the discovery of new facts about the disease for its prevention and 
cure. Yet such is the lack of proportionate perspective, that vast sums are 
being spent upon armament for human destruction and very little for the 
conservation of man. These may be felt even by those of us who are not 
pacifists and who have worn the uniform in the last great outburst of human 
destruction. The cost of one cruiser would maintain all the cancer research 
institutes in this country, not for one year nor for ten years, but for a 
hundred years. 

Surely, here is a war whose casualties are worthy of the enlistment of the 
interest of the American people. If man power makes might, conservation 
of man makes mighty; the salvage of this great human waste, as a self- 
protective and preparedness measure, is an intelligent effort. Those who 
die from cancer are at the height of their experience and powers. It is 
quite conceivable that the salvage of one single man, who might by his 
intelligence devise a new weapon, could alter the course of a war and bring 
victory where defeat loomed on the horizon. With the present great out- 
burst of scientific discovery, such an event might be more than likely. 
The discovery of a cure of cancer would be a magnificent gesture and gain 
the friendship and applause of the whole world, and victory in such a war 
would belong to all mankind. Cancer is a problem in applied science which 
needs only time, money, and intelligent effort to solve. 
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The disease is a subject to warrant careful consideration and organized 
effort, for it touches the life of a great number of people. What has been 
done about it? A devoted group of medical men in a number of countries 
has studied the disease in man and in animals for many years, with the 
result that the treatment of cancer has improved in two directions—im- 
proved surgical treatment and treatment by radiation (X-rays and radium), 

Better surgical methods, improved technic, and earlier diagnoses gain 
better results than the old results which were nil. But surgery is only 
applicable to such cancerous growths as are easy of access, which do not 
involve a vital organ or have not produced additional subgrowths called 
metastases. In other words, if the cancer can be completely cut out, surgery 
is of use; if it cannot, surgery had better not be attempted. Yet in the best 
clinics and under the best auspices, 75 per cent. of cancers are not suitable 
for surgical treatment because extension of the disease has already occurred. 
Since 1910, we have been concerned with elaboration of detail in the use of 
radiation, with improving methods of application and perfecting apparatus. 
So that now with surgery, aided by radiation under the very best auspices, 
about one-third of all cancer cases, as they come, can be cured. In this 
country, under the disorganized methods, it is very difficult to estimate the 
total number of cures of cancer; but, after several years of collection of 
opinions and statistics, the total proportion of cures in cancer is estimated 
at less than 10 per cent. and more than 5 per cent. of all cases treated, as 
organized care is not complete. 

In fifty years of antiseptic surgery and in twenty years of development of 
radiation treatment, we have been able to develop only two methods of 
treatment for cancer, neither of which gives anything like satisfactory 
results, but we use them because they are the only ones available. Yet 
these two methods, surgery and radiation, are at the present time the only 
responsive measures for the treatment of cancer, and this is obviously a 
confession of failure. 

Yet why should it be so? Life is a very definite reaction which occurs 
and recurs according to definite constancy, and cancer is only a problem in 
the reproduction of a life history of cells, for cancer is a problem in cell divi- 
sion. A disease, such as cancer, is not a thing but a state, a deviation from 
normality. The cells, after our youthful growing period, have ceased to 
grow with arrival at adult age, or certain inhibitions to growth have occurred. 
In cancer, which is generally a disease of the later half of life, certain cells 
have lost. their inhibitions to growth and renew their power of division into 
a multiplicity of cells, almost always beginning in a local area. These cells 
are carried to distant parts of the body and maintain there the character- 
istics of the original cells, including their power of division and mul- 
tiplication. Death occurs from extension of these cells as a growth to 
some vital organ, impairing its functions, to a general extension of the 
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growth, producing such poisons as to alter the functions of the blood and 
other parts of the human organism, or by creating such obstruction, or 
lowered resistance, so that a terminal and fatal bacterial infection results. 

The disease is a cellular disease so that the cell, the smallest particle 
capable of sustaining life, is our unit, as the atom is the unit of the physicist 
and the molecule of the chemist. All life forms are colloid in character 
and we have to do with a heterogeneous system, elaborated into a polyphasic 
organization and with definite structural arrangement. The chemical 
complexity of the cell would be baffling were it not that there are phenomena 
which are common to all cells. Nature at some stage in her complexity 
rejuvenates her simplicity. The atom, the unit of the physicist, by 
structural associations, forms the mole- 
cule which is equally satisfying to the 
chemist. The molecules form the cell 
where there is again renewal of the 
simplicity. 

The cell, in the study of cancer, is 
the unit and has a definite arrangement 
ororganization. It is possible to create 
a model for thought exactly as the 
physicists create a model of the atom. 
In cancer research, it is possible to take 
as a construct, or a fixed model for 
thought, the cell with the component 4 
parts of its system. The cell consists 
of (1) the nucleus (normally with a pH 
of about 7.5), (2) the protoplasm (nor- = Ficure 1.—Moper Consrructep FoR 
mally with a pH of about 6.6), (3) Conan oF CELL ACTION 
the cell membrane, and (4) the envi- (iactraune teal bead oor thout 
ronment, which is the blood (with a 6.6; (3) semi-permeable cell mem- 
normal pH of 7.38 and more alkaline — Pranes and (2) environment 8 
in cancer) and tissue juices. (See ac- 
companying diagram.) The environment must be considered, for the cell 
and its environment are one. All energy forms, and the cell is an energy 
adapter, are brought to the cell and enter the cell through the environmental 
phase. In consideration of alteration in cellular reactions, the environ- 
mental phase is of the greatest importance because alterations in this 
phase determined the reactions of the cell, and, through this phase must 
go any influence, excepting radiation, which will prevent the cell division 
or cure cancer. Part of the mistakes in the study of cancer in the past 
have been the consideration of the cell alone, as studied through the mi- 
croscope in dead and stained preparations. In this, the most important 
phase in determining cell activity, the environment, was not considered. 


























824 JOURNAL OF CHEMICAL EDUCATION May, 1982 





Our unit system may therefore be thought to consist of four distinct 
portions: (1) nucleus, (2) protoplasm, (3) semi-permeable cell membrane, 
and (4) the environment from which the cell receives its energy-producing 
materials and through which the products of reaction are removed. The 
protoplasm is an intimate association of salts, carbohydrates, fats, and 
proteins, many of which are specific to a high degree and which are partly 
contained in true solution and partly in a poly-dispersoid state. 

In the continual exchange of materials and energy, the processes of 
oxidation-reduction are of outstanding importance. If we deny a cell 
oxygen, it either gradually ceases to function and dies or, like yeast, it 
adopts some form of anaérobic breakdown in place of oxidation; if anaérobic 
breakdown fails, the cell then perishes. 

Life is an oxidation-reduction rhythm dependent upon oxidation-reduc- 
tion potential that decides which one of two systems will oxidize the other. 
Since the process involves a transfer of electrons from oxidant to reductant, 
we may, by an adaptation of the Nernst formula, arrive at the following 
equation: 


ee sted) 
Ey = E, n i (Ox.) 








where £, is the voltage with respect to the hydrogen electrode as 0; E, 
is the normal electrode potential; Red. and Ox. the concentrations of the 
reductant and oxidant, respectively; 7, the absolute temperature and R, 
the gas constant. It is important to recognize that this treatment applies 
to only perfectly reversible processes and herein lies the difficulty of apply- 
ing it to vital systems whose processes are not generally reversible. How- 
ever, many biological oxidations which are apparently irreversible proceed 
by a number of stages, some of which are truly reversible. 

The oxidation-reduction potential decides in which direction the rever- 
sible reaction will proceed, but the rate is determined mainly by the oxida- 
tive catalysts whose influence must therefore be a most essential factor in 
the problem. In these cell oxidation-reduction processes, there are living 
catalysts which are known as the “‘dehydrogenases”’ or “‘dehydrases.”” Their 
function is to activate molecules so that they act either as hydrogen 
donators or hydrogen acceptors, depending upon the nature of the molecule 
and the conditions of reaction. The so-called inorganic ferments, or 
heavy metal catalysts, also play a great réle in vital oxidation-reduction 
processes. In the living cell are other chemical substances for reversible 
oxidation-reduction systems, the most important of these being the sulfur 
compounds of the type RSH = RSSR, the former being the reduced form. 
In this class are the cystine-cysteine and the glutathione-reduced gluta- 
thione systems, and in addition as oxidation-reduction systems, the fatty 
acids and carbohydrates. 








a 


~—~ rm fF fF 


— OOo orl} 





1932 


tinct 
ane, 
cing 
The 


tly 


S of 
cell 
— 
bic 


luc- 
ler, 
int, 
ing 











Vo. 9, No. 5 ASPECTS OF CANCER RESEARCH 825 


There is no doubt, in life processes, that a steady dynamic state exists 
which is not chemical equilibrium, but which may be conveniently spoken 
of as biological equilibrium, and through which energy may be liberated. 

The normal processes of the living cell are brought about by a continuous 
energy interchange which is dependent upon the physical, chemical, and 
colloidal state of the cell constituents and which, in its explanation, must 
be correlated with the fixed model of the cell with its four-component 
systems of (1) nucleus, surrounded by (2) protoplasm, enclosed by (3) cell 
membrane, and existing in (4) environment. 

The influence of conditions of biological equilibrium on the effect of 
catalysts (or, as the biologists call them, enzymes) is produced mainly 
through the environing medium which, in the case of the cancer cell, is the 
blood. It is significant that, in cancer, the blood, or (4) environment of 
our fixed model, has been found, by us, to be abnormally alkaline, averaging 
pH 7.44, where normal blood plasma is pH 7.38. 

The oxidation-reduction intensity (rH) which is analogous to the 
intensity of acidity or pH, is of enormous importance to these vital oxida- 
tion-reduction systems. The rH is a negative logarithm of the hydrogen 
pressure in equilibrium with the oxidation-reduction system in question. 
In simple systems, rH is a function of pH and Needham and Needham (1) 
have shown that it holds similarly for living cells, that rH is a function of 
pH. Our only and main interest in pH is that it gives some measure of rH 
and is an easy and exact measurement capable of statistical estimation. 
The ideal is rH measurement; the means are pH measurement. 

There is, therefore, to be considered (always remembering our fixed model 
with its four-component system) a scheme as follows: 


Factors Influencing Vital Cell System 





Catalysts (Enzymes, etc.) Condition of Biological Equilibrium 
Glycolytic enzyme pH 
Co-enzyme rH 
Fe in the hemin form, and Cu Ionic concentration of inorganic sub- 
Glutathione-reduced glutathione stances 
Cystine-cysteine Glucose concentration 
Dehydrogenases, Aggregation and dispersion of the colloid 
including: (1) heat-labile catalysts act- Buffer systems 
ing on the substrate; (2) intermediate Phosphates 
reversible H and O acceptors; and (3) Carbonates 
heat-labile oxidants sensitive to CN Proteins 
oxy. Fe-red. Fe 
RSH-RSSR 


This scheme somewhat inadequately classifies the various factors which 
influence cell life into two great divisions—gross chemical action and 
catalytic activation and, as such, is applicable to the consideration of the 
forces influencing the metabolism of the vital activity of the cancer cell. 
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In these biological oxidations, respiration is a central life process, support- 
ing the complicated organization of the cell. The respiration yields 
energy for doing work and these work-producing chemical processes not 
only possess a large store of available free energy, but also put it at the 
disposal of the cell. This fact postulates a definite order and organization 
of the chemical process. The amount of respiration necessary to cell 
division, as in cancer, is many times that of mere maintenance. Shearer (2) 
found an eighty-fold increase during the first minutes after fertilization. 

For the measurement of the metabolic process of cells, manometric 
methods are almost exclusively employed. These are more convenient 
than chemical methods. The most important metabolic processes are 
reactions like the lactic acid formation from carbohydrates, which may be 
made to result in the liberation of agas. By means of suitable apparatus 
and technic, the kinetics and quantitative relations may be easily studied. 

With the application of these methods and the use of the Barcroft 
manometer, O. Warburg (3), the latest Nobel prize winner for medicine, 
studied the metabolism of thin slices of cancerous and other tissues and, 
so doing, revolutionized modern thought and experimentation in cancer 
research. 

These researches, combined with those of O. Meyerhof (4) on the carbo- 
hydrates and metabolism of isolated muscle, established that the utilization 
of oxygen by muscle takes place normally, not during the act of contraction, 
but rather during the periods of relaxation and rest. The processes of 
contraction are accompanied by the breakdown of glycogen into lactic 
acid, whereas, in the recovery period, the oxidation involves a two-fold 
action, the burning of one part of sugar, or the lactic acid equivalent, to 
carbon dioxide and water, while three to six times the amount of lactic 
acid is built back or resynthesized to glycogen. The immediate source of 
the energy for contraction comes by an anaérobic reaction, while the re- 
covery from contraction is accomplished by an aérobic chain of reactions 
which ends in the salvage of a large part of the carbohydrate which has 
been split during the anaérobic phase of the contraction period. 

One phase, the anoxidative, concerns itself with the breakdown of 
carbohydrate into lactic acid; the other process, the oxidative, concerns 
itself with the complete oxidation of a part of the carbohydrate and the 
recovery of another part from the fermentative breakdown. 

Following experiments upon yeast, it was found that these two metabolic 
processes, the anoxidative and fermentative splitting and the oxidative 
salvage of the split carbohydrate were characteristics of animal tissue cells 
other than muscle and especially of growing cells. 

When cancer cells were studied by Warburg (5) and his associates; 
these cells revealed the remarkable fact that they had an excessively high 
rate of fermentation, causing a vastly greater amount of sugar to be split 
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to lactic acid than is the case in normal cells, and they had, on the other 
hand, a greatly diminished power of utilizing oxygen. Cancer cells could 
live and continue to split sugar in a nutrient solution where the pressure of 
oxygen had been reduced to 1/100,000 VOlume per cent. They utilized the 
oxygen in full amount independently of the partial pressure of the gas. 

The high rate at which tumor cells are capable of splitting dextrose to 
lactic acid is shown by the fact that in vitro they can produce an amount of 
lactic acid equal to ten per cent. per hour of their own weight. The degree 
of glycolysis is a function of pH, the more alkaline the environing medium 
within physiologic limits, the greater the splitting of the sugar, which 
means a larger energy turnover and a greater functional capacity. 

These facts in regard to the greater lactic acid production and different 
metabolism of the cancer cells have been confirmed by a number of others, 
particularly Murphy (6), Waterman (7), and Baker, Dickens, and Gallimore 
(8). The latter found the following: (1) in agreement with Warburg, there 
is a marked difference in the anaérobic metabolism of glucose in normal and 
malignant tissue; (2) tumor tissues were found to produce 5-10 times as 
much lactic acid as normal tissues under the same conditions; (3) the 
amount of lactic acid produced was nearly equal to the glucose destroyed; 
(4) the addition of insulin or thyroxine produced no demonstrable effect 
upon the glucose metabolism. 

Mellanby and Harrison (9) have recently published some observations 
on the carbohydrate metabolism of cancer tissue, which, if confirmed, show 
that, not only is the oxidative mechanism deficient, but the formation of 
lactic acid from glycogen or glucose does not follow the path ordinarily 
taken in the case of normal tissue, for the above authors found the glucose 
6-phosphate (Robison’s ester) is not utilized by cancer cells. 

The significance of this and many other facts cannot well be realized with- 
out resorting to a consideration of the possible intermediate mechanism 
involved in the formation of lactic acid. 

The course of this reaction is dependent upon the presence of enzymes 
(catalysts) which are in turn affected by conditions of biological equilibrium. 
For example, F. G. Hopkins (10) has shown that glutathione (GSH) pro- 
motes the oxidation of certain unsaturated fatty acids, the O being trans- 
ferred to the unsaturated linkage of the fatty acid, while the original SH 
groups are reconstituted. At pH 7.4-7.6, the system, GSH + unsaturated 
fatty acid, behaves differently; here the oxygen uptake is equal to the 
amount required to oxidize the SH. The SH group is no longer an oxygen 
carrier, but becomes represented by AO, + B —»> AO + BO where A is an 
auto-oxidator and B an acceptor. On the acid side of pH 7.4, the protein 
SH is oxidized and the total O amounts to ten times the O equivalent of the 
SH; at pH 7.4-7.6 the uptake amounts to only sufficient to oxidize the SH. 
This is significant of the influence of conditions of biological equilibrium on 
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the effect of catalysts (or, as the biologists call them, enzymes). It is also 
significant that, in cancer, the blood or (4) environment of our fixed model 
has been found by us to be considerably more alkaline or averaging pH 
7.44, where normal blood plasma is pH 7.38. It is also significant that the 
higher the pH within physiologic limits the greater the glycolysis (9). 









Processes of Cellular Metabolism Showing Degradation of 
Glycogen to Lactic Acid 
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The scheme given above for the formation of lactic acid from glycogen 
is not without foundation and it is the logical present working hypothesis 
to explain some of the experimental facts of cancer metabolism. 

Robison’s ester and hexose diphosphoric-ester have been isolated from 
muscle after addition of sodium fluoride which checks the glycolysis and 
causes the accumulation of these esters. In a similar manner by poisoning 
glyoxalase, the enzyme which converts methyl glyoxal into lactic acid, 
Neuberg has isolated methyl glyoxal from many animal cells and tissues. 
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These researches add additional evidence to the correctness of such a 
scheme of glycogen degradation as outlined. 

Lohmann (11) has shown that these reactions are influenced by catalysis 
and that a number of enzymes are involved in the hydrolysis of glycogen 
in successive stages to form trisaccharides and finally glucose or an active 
modification. The latter statement is qualified to include ‘‘active”’ 
glucose, as it is necessary to introduce this concept in order to explain cer- 
tain puzzling observations in the mechanism of carbohydrate metabolism. 
The existence of ‘‘active’’ glucose in the blood stream has not yet been 
satisfactorily demonstrated experimentally, yet one must come back to 
the hypothesis; it seems to play an important rdle. 

From a purely chemical point of view, the possibility of the existence of an 
active form of glucose is easily reconciled with present-day structural 
formulas of the sugars. 

The normal form of glucose with which we are familiar, has the so-called 
pyranose ring structure—that is, a (1-5) oxygen ring structure. It is 
assumed that under certain conditions an active furanose, or (1-4) ring 
structure is formed. In this form the glucose is believed to be more active. 
The furanose (1-4)-form of glucose has not been isolated. However, 
Fischer, in 1914, isolated a so-called ‘‘gamma’’ methyl] glucoside having the 
(1-4) structure. He showed that this glucoside was much more reactive 
toward permanganate oxidation and toward acetone than the corresponding 
normal (1-5) a or 8 methyl glucosides were. By analogy one sees that the 
“gamma” form of glucose would be more reactive than the normal form. 
It is quite possible, therefore, that under biological conditions, a ring shift 
occurs, to give the more active furanose (1-4) type of sugar. 

Levene and his co-workers have shown that hexonic acids which may be 
obtained by oxidation of hexoses, also form oxygen rings (lactones) of 
varying length depending on the conditions employed. They have shown 
that the (1-4) lactones are more reactive than the (1-5) lactones. They 
conclude from this that the activity of the sugars themselves also may 
depend on the nature of the oxygen ring they possess and that one ring 
form easily passes over into another under appropriate conditions. Arm- 
strong and Hilditch have shown that normal glucose dissolved in water is 
practically unaffected by permanganate. However, when the solution is 
previously treated with dilute HCI, reduction at once setsin. They ascribe 
this to the conversion of normal glucose to an active form under the influ- 
ence of the acid. It is known that dilute HCl favors the ring shift to the 
active (1-4) position in the synthesis of gamma methyl glucoside from 

glucose and methy! alcohol. 

Bernhauer and Wolff have shown that gamma methyl glucoside (1-4) 
yields 2.5 times as much lactic acid as normal a or 6 methyl glucoside 
(1-5) when heated with calcium oxide. This shows the favoring influence 
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of the (1-4) ring on the split into 3-carbon chains. Ort has recently made 
some potential measurements on glucose solutions by means of oxidation- 
reduction methods. He found that glucose solutions contain an active 
constituent to the extent of 1 part in 260,000. This active constituent is 
more readily oxidized than normal glucose. The recent investigations of 
Hibbert (12) on the polymerization of fructose to complex polysaccharides 
would be analogous to the condensation of active glucose to glycogen. 

The high rate of sugar metabolism in the body and the ease with which 
glucose is converted into glycogen and glycogen to lactic acid and other 
products point to the existence of an active form of glucose. Different 
sugars ferment at different velocities, yet the intermediate and final 
products are the same. It is difficult to see how sugars of different structure 
can pass through the same intermediates to the same final products, unless 
one assumes that they first are converted into a form common to all, that 
is the ‘‘active”’ form. 

Lactic acid is formed more rapidly from glycogen than from free glucose 
by the muscle enzyme system, so it appears that the glucose split from 
glycogen exists in a more reactive state than the free glucose. The action 
of insulin in decreasing sugar in diabetics may be explained by assuming 
that it acts by converting the normal form into the active form which is 
then oxidized or utilized more readily in the body. 

In the enzymic synthesis of sucrose, Oparin and Kurssonow (13) have 
applied the newer knowledge of the structure of sugar with marked success. 
The sucrose molecule contains a pyranose (1-5) ring structure (glucose 
residue) and a furanose (2-5) ring structure (fructose residue). When 
cleavage of the sucrose takes place, glucose and inactive fructose are ob- 
tained, removing one of the products of the reaction, 7. e., the fructose in 
the furanose form, or a ring shift from the (2-5) to the (2-6) position has 
taken place. Through the synthesis of fructose 6-phosphate by means of 
phosphatase and Ca(H2PO,)s, and thus preventing the formation of a 2,6- 
ring in the fructose molecule, a definite synthesis of sucrose was observed 
over a period of 18 days. 

Referring to the proposed mechanism for the enzymic production of 
lactic acid, it is easily seen why it is necessary to postulate the existence of 
an active glucose. Normal tissue will form lactic acid from hexose mono- 
phosphate and in order to accomplish this a ring shift from the (J—5) or the 
pyranose form to the (1-4) or the furanose form must be postulated. 

The increased glycolysis in cancer implies a supply of carbohydrate in an 
available form, as the more sugar in the medium the greater the glycolysis. 
In the blood of cancer patients (and the blood is the environing medium or 
4 in our model concept) Woodward and Fry (14), in our laboratories, have 
found that there is a relative increase of twenty per cent. in blood sugar, 
which makes the additional amount available. In addition, Hueper, 
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Woodward, and Fry (15) have shown that the increase in blood sugar is 
coincident with a greater number of mitoses or cell divisions and the higher 
the blood sugar, the greater the number of mitoses and the more rapid the 
growth of the tumor. 

The higher the pH the larger is the glycolysis and we have found that 
the pH of the blood plasma (No. 4 in the model) in untreated cancer cases 
is more alkaline than normal, with 18.2 per cent. greater alkalinity. The 
greater the alkalinity of the blood plasma, the faster the cancer grows and 
the shorter the duration of the patient’s life. 

In the living host, therefore, there are similar conditions of higher pH 
[McDonald (16)] and greater supply of sugar (Schoonover, et al. (17)], 
which were found by Warburg to increase the metabolism in his mano- 
metric experiments with thin slices of cancerous tissue. 

So that in the consideration of the chemistry of cancer, the following facts 
must be accounted for: 

1. The rate of formation of lactic acid in cancer is 5 to 20 times that of 
normal and the quality is inherited in succeeding generations of cancer 
cells. 

2. There is little or no accumulation of glycogen from lactic acid in the 
recovery phase. 

3. The presence of oxygen does not reduce the glycolysis in cancer 
tissue to the same degree as it does in normal tissue. 

4. The non-utilization of hexose diphosphate and the Robison ester is 
significant, as normal tissues utilize these substances readily. 

5. There is a discrepancy between the rate of formation of lactic acid 
from glucose and methyl] glyoxal in normal and cancer tissue which indicates 
that the mechanism of glycolysis is different. 

6. The pH of the blood of untreated cancer is relatively higher by an 
average of 18.2 per cent., which is significant of the increased glycolysis 
found by Warburg with increasing pH. 

7. The glucose concentration of the blood of cancer patients is relatively 
higher than normal by an average of 20 per cent. 

8. The more alkaline the blood the more rapidly the cancer advances 
and the shorter the duration of life. 

9. The greater the amount of the sugar in the blood the greater the 
number of mitoses or cell divisions, which is a measure of the rate of growth 
of the tumor. 

A consideration of the experimental evidence leads one to the conclusion 
that there is, in cancer, a definite deficiency in the oxidation phase of 
carbohydrate metabolism as compared with normal conditions. 

These facts hold good for transplanted animal tumors as well as for 
human cancers. The quality of high aérobic glycolysis is not a property 
of cancer tissue alone but is shared by embryonic (growing and dividing) 
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tissue, leucocytes, and by the retinal tissue. For these tissues, however, 
there is a pure carbohydrate oxidation where the R. Q. = 1 (the Respiratory 
Quotient is the ratio of oxygen to carbon dioxide), and in the case of cancer 
tissue this value is never approached. Injured tissues will have a glycolysis 
after the cancer manner, but, with recovery from the injury, the normal 
metabolism is restored. 

When the oxidative mechanism of a cell is injured, it may (1) die, (2) grow 
and divide, producing much lactic acid anaérobically, but when respiration 
becomes normal and aérobic glycolysis disappears, the cells are normal 
again, or (3) the cells grow and divide while their property of aérobic 
glycolysis persists and is handed on to successive generations of cells as 
in the case of cancerous tumors. In cancer cells, aérobic glycolysis is 
inherited and, in other pathological cases, this is the result of injury and 
disappears with the recovery from the injury. In cancer cells, not only 
must the normal respiration be re-established, but it must be passed on to 
successive generations. Non-malignant cells die under anaérobic condi- 
tions, while malignant cells do not do so if enough glucose is added. 

In cancer, therefore, there is a defect in the respiration, and this defect is 
connected with the oxidation of carbohydrates. The anaérobic and aérobic 
glycolysis of cancer cells is shared by other tissues such as the retina; but 
the respiratory quotient is unity. In the metabolism of cancers the rate of 
growth and glycolysis resemble embryonic tissue, but the respiratory quo- 
tient is low, which differentiates their mechanism from that of the normal 
embryonic cells. 

The nature of the injury to the oxidative processes in the cell, as has been 
stated by McDonald (18), is the fundamental metabolic problem in cancer 
and the cure of cancer will come through the production of a more oxidizing 
potential than the limiting oxidation-reduction potential necessary to cell 
division. The next step in cancer research is to find out how the cancer cell 
can be transformed back, in its metabolism, to the normal cell, to improve 
its oxidative capacity and to reduce its fermentative capacity. If the cells 
of a cancer can be reduced in their energy adaptations to the quality and 
amount of metabolism necessary for the maintenance of normal cells, then 
the cancer cells would be normal. In such a case, the cancer cells present 
in a tumor would not continue to divide and the cancer would not extend 
and be malignant any more. The growing cancer cells are more susceptible 
to injury than the normal differentiated adult cells and so would gradually 
die and disappear. The cancer would be cured. 

Like weeds in a field of grain, if the cells can be prevented from spreading 
and growing, they become innocuous. But the job is to find out how to 
alter the metabolism so as to cause their destruction without destroying the 
healthy grain. The differences in reactions and metabolism of the cancer 
and the normal cells that have been found permit a more intelligent and 
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scientific search for a cure. A chemical cure of cancer is only a matter of 
time and trouble. How much time and how much trouble remains to be 


seen. 
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ALUMINUM UTILITY EXEMPLIFIED IN A MODERN RESEARCH 
LABORATORY 


W. S. McARDLE, ALUMINUM COMPANY OF AMERICA, PITTSBURGH, PENNSYLVANIA 


The recently completed home of the Aluminum Research Laboratories of 
the Aluminum Company of America, at New Kensington, Pennsylvania, 
serves in two interesting capacities. It centralizes the scientific work which 
has played such a vital part in the growth and development of the industry, 
providing the staff of metallurgists, chemists, and engineers with adequate 
facilities for carrying on their experiments, Also, it serves as an excellent 














Wroucnat ALUMINUM GATE AT ENTRANCE TO GROUND OF THE NEW BUILDING OF THE 
ALUMINUM RESEARCH LABORATORIES 


testing ground for many of the very problems with which the industry is 
concerned, in that the building is so designed that in both the structure 
itself and its equipment, aluminum has been used for almost every conceiv- 
able purpose. 

The new building is an important link in the chain of events which have 
marked aluminum’s rise from an expensive, soft metal of a few limited uses, 
to the light, strong, versatile, and comparatively inexpensive metal we know 
today. Between these two extremes which, in point of time, are less than a 
half-century apart, lies a story of ceaseless effort—a story of investigation, 
discovery, and utilization. There existed a definite need for a light metal, 
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strength. It was first necessary to strengthen and harden the metal by 
alloying it, by heat treatment, and cold working before it could possess the 
necessary characteristics to fit it for use in airplanes, locomotives, street 
cars, busses, truck bodies, and the myriad of other places in which it serves 
today. The work was carried on by scientists on both sides of the Atlantic 
and their success is mirrored in the fact that today aluminum ranks fifth 
among the world’s metals. 

In view of aluminum’s phenomenal growth, the building of the home of 
Aluminum Research Laboratories came as no surprise to the metal world. 
Scientific development of aluminum needed room in which to expand anda 
new building was a logi- 
cal step. 

In its réle of acting as 
a testing ground for alu- 
minum, the new building 
utilizes this metal in ways 
both strange and familiar 
to the modern builder. 
Aluminum elevator doors 
and window frames are 
no longer a novelty to 
architects, but such items 
as wrought aluminum 
entrance gates and alu- 
minum laboratory tables 








THE BEAUTY OF THE MAIN LosBy IS ENHANCED BY 
THE USE oF ALUMINUM FOR RADIATOR GRILLES, EN- are so unfamiliar that 


TRANCE Doors AND LINTELS, TERRAZZO FLOOR STRIPS, 
AND CHANDELIERS 


they may well be classed 
as news. 

It is obvious that corrosive conditions in a laboratory are unusually 
severe. The ever-present fumes and moisture are quick to attack ex- 
posed surfaces, and maintenance costs are high at best. It was this 
factor that influenced the builders of the new building in their selection of 
metals. 

The uses of aluminum in the chemical divisions are particularly interest- 
ing. Benches, tables, filter racks, balance cases, cupboards and drawers, 
hot plates, water pipes, valves and valve fittings, are all made from this 
metal. Lightness, freedom from rust, and unusual resistance to corrosion 
were the reasons for its use in a majority of cases. An additional advantage 
is seen in the aluminum drawers for the cupboards, in that they make only a 
small fraction of the noise created by other metal drawers. In the physical 
testing division, aluminum is also used to advantage. One of the features 
of the two-story large testing laboratory is a 3-ton aluminum crane. 





but it was equally important that this lightness be accompanied by suitable 
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GENERAL VIEW OF CHEMICAL LABORATORY SHOWING ALUMINUM APPLICATIONS 
IN TABLES, CHAIRS, PIPING, FILTER RACKS, AND OTHER APPARATUS 


The distilled-water system is entirely aluminized. By the use of this 
metal the possibility of contamination through the action of metal on the 
water was entirely eliminated. Unusual ease of installation and lack of 
need for cumbersome supports, such as are otherwise necessary, were addi- 
tional reasons for the choice of aluminum here. 

The application of light alloys is by no means limited to the laboratory 
equipment. Both outside and in, the architectural treatment is thoroughly 
aluminum in nature. A wrought aluminum gate guards the entrance to 
the grounds. The limestone facade of the building proper is relieved by 
aluminum spandrels and an aluminum cornice. One enters the building 
through cast aluminum doors. The frame and lintels are made from the 
same metal. 

The pattern in the terrazzo floor in the main lobby is outlined with 
aluminum strips. The waiting benches flanking the sides are made from 
light alloys while the chandelier overhead is made from aluminum and 
glass. Even the elevator doors and cab are made chiefly from this light, 
strong metal, a practice which is becoming increasingly common in archi- 
tectural circles. 

Aluminum serves also for the rails, newel posts, and treads for the stairs 
at each end of the hall. Allhardwareisaluminum. Many of the radiators 
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have their casings and 
fins fabricated from the 
same material. 

The offices throughout 
the building are equipped 
with aluminum chairs, as 
is the cafeteria on the 
ground floor. A 14-foot 
aluminum table is one of 
the features of the con- 
ference room. 

Needless to say, this 
thoroughly aluminized 
building has been keenly 
watched by metal men, 
since its erection nearly 
two years ago. And the 
faith of its builders seems 
to have been justified. 
Both inside and out, in 
laboratories, offices, and 
lobbies, the aluminum 


ONE OF THE Two UNIVERSAL TESTING MACHINES has survived the fumes 
UsEp FOR DETERMINING THE CHARACTERISTICS OF and humidity in excellent 
ALUMINUM STRUCTURAL MEMBERS 





fashion, giving little evi- 
dence of deterioration, while maintenance costs have been minimized. 

Of course the function of the building in general is to experiment with 
problems connected with the aluminum industry. The fields touched 
upon are varied and interesting. The corrosive action of salt water on 
various alloys, for example, is determined in huge concentrated brine baths 
which accelerate the corrosion process and approximate, in a few weeks’ 
testing, the equivalent of years of actual service. The corrosion-resisting 
advantage of using layers of pure aluminum over harder aluminum alloy 
to form a multi-layered sheet, commonly called ‘‘Alclad’”’ sheet, was one of 
the developments tested in this manner. This is the metal which today 
serves as a covering for the fuselage and wings of many of our modern 
planes. 

Paint problems are encountered daily, and vehicles and powders are 
mixed in countless varieties of combination in the search for paint with 
various characteristics for certain types of work. Hundreds of painted 
panels are exposed on the roof, testing the different types of coatings under 
actual weather conditions. 

The physical properties of the various alloys are tested in a variety of 
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ways and at various temperatures. Items such as large structural beams, 
railroad car trucks, locomotive side rods, and other objects too big to be 
tested in ordinary ways are studied with specially designed equipment in a 
laboratory devoted to the testing of such large structures. The equipment 
in this department includes two specially designed universal testing ma- 
chines of 40,000 and 300,000 lb. capacity and three hydraulic jacks, the 
largest having a capacity of 150,000 pounds. One side of the room is 
equipped with a special floor 10’ X 30’ into which may be fitted steel bolts, 
each capable of with- siine es 
standing a pull of 30 tons. 
This arrangement allows 
a large aluminum struc- 
ture to be bolted to the 
floor and stressed by ap- 
plying one of the jacks at 
any desired point. Thus 
the stiffness and strength 
of the structure and the 
way in which the strains 
are distributed may be 
determined under loads 


and overloads approxi- 
mating service conditions. STRUCTURAL BEAms, LOCOMOTIVE SIDE Rops, RalIL- 
: 3 ROAD CAR TRUCKS AND OTHER LARGE ITEMS ARE 
Melting and casting Trstep sy MEANs or HypDRAULIC JAcKs IN A SECTION 
equipment and a small OF THE PHYSICAL TESTING LABORATORY ESPECIALLY 
; é : DESIGNED FOR THE PURPOSE 
rolling mill provide a 


method of experimenting upon small size ingots made from new alloys. This 
permits the rapid and economical production of small lots of sheet of 
special composition for the investigation of the properties of new alloys. 

Research has always played an important réle in the development and 
utilization of aluminum. Tomorrow’s achievements along aluminum lines 
will be linked closely with the efforts of the metallurgist, the chemist, and 
the engineer. The new building, completely equipped as it is for carrying 
on this work, will increase their efficiency and make easier their task of fit- 
ting aluminum to the requirements of the world. 





















































THE TEACHING OF THE THEORY OF THE DISSOCIATION of 
ELECTROLYTES. I. THE APPLICATION OF THE LAW OF MAss 
ACTION TO SOLUTIONS OF ELECTROLYTES 


MarTIN KILPATRICK, JR., UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, 
PENNSYLVANIA 


In presenting the theory of the dissociation of electrolytes the teacher should 
attempt to develop the subject in such a way that the advanced student does not 
have to unlearn a considerable number of the ‘‘facts’’ presented in the more 
elementary courses. The law of mass action is discussed in its application to 
solutions of electrolytes and it ts shown that one must consider the assumptions 
involved in the derivation of the law. Illustrations of the application of the law 
to solutions of weak electrolytes are given and the importance of the change of 
the dissociation constant with change in electrolyte concentration is pointed out. 
The older and newer ideas on strong electrolytes are discussed and the impor- 
tance of the change in the mobility of an ion with change in ionic concentration 
is emphasized. The solubility product is also discussed. 


In teaching modern theoretical chemistry the author has often found that 
a great part of his efforts are spent in correcting the student’s erroneous 
ideas concerning the dissociation of electrolytes in aqueous solution. Indeed 
the teaching of this subject, instead of being a gradual development of ideas, 
hypotheses, and laws from the first course to the last, seems to have become 
the presentation of a series of empirical and often contradictory statements. 
Perhaps the law of mass action is the most mistreated and most mis- 
represented law of all. This paper is written in an effort to present the 
subject in such a way that the student of general and analytical chemistry 
may have a foundation upon which to build up the more detailed treatment 
of the subject. 

The usual derivation of the law of mass action for the system 

A+B=C+D 


leading to the evaluation of the equilibrium constant K, as ccocp/Ccace 
is made from kinetic or from thermodynamic considerations. In either 
case there is an assumption in the derivation, no matter how the concen- 
trations are expressed. In the kinetic derivation the assumption is that the 
rate of reaction is proportional to the product of the concentrations of the 
reactants, and in the thermodynamic derivation the assumption is that the 
free energy changes can be truly expressed in terms of the concentrations. 
Consequently K,, the equilibrium constant above, is a true constant only 
in so far as these assumptions are valid, that is to say, for perfect solutions. 
The teacher, therefore, should emphasize the fact that K, is constant only 
within the limits of the validity of the assumptions involved. 

Let us consider the case of a weak electrolyte in aqueous solution, for 
example, acetic acid. The classical dissociation constant 
840 
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K. = Cut¢cuscoo~/¢cxscoon* 


and in a table of dissociation constants we find that K, is given as 
1.8 X 10-*. Solving for the concentration of the hydrogen ion we get 


cyt? = K.cconscoon 
whence for a solution 0.05 M in acetic acid 
cat = 9.2 X 10-4 


and for a solution 0.1 M in acetic acid 
cnt = 1.3 X 107%. 


So far everything is correct if we have the correct value of K,. But let 
us proceed, considering K, constant, to calculate the hydrogen-ion con- 
centration in a solution 0.1 M in acetic acid and 0.1 M in potassium chloride. 
The calculated value is again 1.3 X 10~* while the actual concentration of 
hydrogen ion is 1.7 X 10~%, a difference of 30%. The difficulty is not with 
the law of mass action but with the fact that K, is not independent of the 
environment and is a true constant only for a perfect solution (or more 
specifically, in this case, a solution containing no ions). In 0.1 M 
potassium chloride solution K,, for acetic acid is 2.9 X 10°. _ Even in dilute 
solutions of acetic acid K,, is not really constant, although the concentration 
of ions is very small. For example, the careful measurements of MacInnes 
and Shedlovsky (1) show that for a solution 0.000028 M in acetic acid K, 
is 1.76 X 10-5, and for a solution 0.0098 M in acid K, is 1.83 X 10°. In 
these solutions the ionic concentrations are 0.000015 and 0.00042 mole per 
liter, respectively. Now if the student is taught that K, depends on the 
temperature, the medium, and the ionic concentration, he will not lose all 
his faith in the teacher later on. 

Another example of this sort will suffice. I will take a case of the 
common ion effect using benzoic acid as my example. The dissociation 
constant of benzoic acid in aqueous solution at 25° is 6.3 X 10°. This 
value is for a solution so dilute that there are no ions present; we might 
represent this dissociation constant by the symbol K,. For a solution 
0.027 M in benzoic acid K, is 6.6 X 10~5, and we can calculate the hydrogen- 
ion concentration in the usual way. 


Cyt? = 6.6 X 10—cup. 
If we make up a solution of benzoic acid containing sodium benzoate, it is 
not correct to calculate the hydrogen-ion concentration from the equation. 
cut = Kecup/ce- 


using the value 6.6 X 10-5 for K,. We must use that value which cor- 
responds to a solution containing sodium benzoate at the particular con- 

* Unless otherwise specified, for aqueous solutions cq+ will be used to represent 
the concentration of the hydrogen ion,-H;0*. 
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centration in question. For example, for a solution containing 0.011 mole 
of sodium benzoate per liter K, is 8.2 X 10-°. The actual hydrogen-ion 
concentration of a sodium benzoate-benzoic acid buffer solution 0.011 4 
in sodium benzoate and 0.022 M in benzoic acid is 1.6 X 10~‘ rather than 
1.3 X 10~‘ calculated on the assumption that K, remains constant. To 
illustrate further, K, for benzoic acid in potassium chloride solutions changes 
from 6.3 X 10- at zero ionic concentration to 10.1 X 10-5 at 0.1 M and 
continues to increase with increasing potassium chloride concentration up 
to 0.6 M where K, is 11.3 X 10-5, it then decreases to 6.5 K 10-5 at 3 M. 
A detailed discussion of the dissociation constant of benzoic acid, as well 
as comparison curves for other acids, is given in a recent publication (2), 
The change of K, with change in ionic concentration applies to all weak 
electrolyte equilibria and is even more marked when ions of higher valence 
are involved (3). 

Let us now turn to strong electrolytes. In the case of electrolytes such as 
sodium chloride, sodium hydroxide, and hydrochloric acid the student is 
usually taught either that the degree of dissociation can be determined from 
conductivity measurements, or that these substances are completely dis- 
sociated. The first is wrong and the second often misleading. 

Suppose that the student is taught that 0.1 M aqueous sodium chloride 
solution is 85% dissociated and that K, is 0.49. These values are based 
upon the assumption that, since the equivalent conductance decreases with 
increasing concentration, the extent:of dissociation decreases. We now 
know that the decrease in equivalent conductance is due for the most part 
to decrease in the mobilities of the ions, from which it follows that the 
simple \/Xo ratio does not give the correct degree of dissociation. For a 
detailed treatment of this subject see the papers of Onsager (4). 

The other method is to start from the solid state arid point out that in 
solid sodium chloride there are no molecules /and ‘consequently, since 
sodium chloride is completely ionized as a solid, itis completely dissociated 
in solution. The argument is not at all conclusive.” It would not apply to 
the hydrogen halides. For a detailed discussion, the reader is referred to a 
paper by Jacobs and King (5). There is in fact a good deal of arbitrariness 
in what we mean by complete dissociation.* If the ions are so close that 
the interionic forces of attraction between oppositely charged ions are 
considerably greater than the kinetic energy, there may exist ion-pairs in 
the Bjerrum sense; these would act like molecules. A recent critical 
review of the problem points out that there is no physical property which is 
unquestionably due to undissociated molecules (6). 

What should we teach the student in order to leave him with an open 
mind? The author would point out that the older method of obtaining the 

* The author would make a distinction between the terms complete ionization and 
complete dissociation. 
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degree of dissociation is incorrect, and that the new view does not postulate 
100% dissociation (7). All the evidence seems to indicate that uni-uni- 
valent strong electrolytes are practically completely dissociated in aqueous 
solution. At the present time we do not know their dissociation constants. 
The dissociation constants are certainly not as small as 0.5 in 0.1 M solution 
but on the other hand neither are they infinitely great. Estimates for 
hydrochloric acid place the dissociation constant at 10°, corresponding to 
over 99% dissociation. 

Another difficulty which arises from lack of consideration of the effect of 
interionic forces is the teaching of solubility and solubility product in connec- 
tion with analytical chemistry. The student is taught the solubility 
product relationship and is then asked to calculate the amount of precipi- 
tant necessary to effect practically 100% precipitation. In all calculations 
the solubility product is assumed to remain constant. The result is that 
the student has fixed in his mind the idea that a large excess of the precipi- 
tant is always desirable. If he is precipitating AB, and ca+ cp- = Ksp., an 
the more of B~ added the more complete the precipitation of AB. 
Consequently he always tends to add an excess of B~. A good example 
of the change in solubility product with change in ionic concentration is 
furnished by the case of lanthanum iodate. One would expect, on the 
principle of the constancy of the solubility product, that lanthanum iodate 
would be less soluble in lanthanum nitrate solutions of increasing concentra- 
tion. The data in the following table were obtained by La Mer and Gold- 
man (8). 

TABLE I 
The Solubility of La(IO;); in La(NO;); Solutions 
Moles per Liter 


La(NOs)s La(IOs)s Kgp,, La(IOs)s 
0 0.0009482 2.184 X 1071! 
0.001667 0.0008347 3.926 X 107! 
0.003333 0.0008101 5.944 X 107" 
0.01667 0.0008696 a.413.¢:10-% 
0.03333 0.0009398 t.Gte % 10- 


At first the solubility decreases due to the common-ion effect, then it 
increases in spite of the common-ion effect. The reason for this is that the 
increase in the solubility product due to the increase in ionic concentration 
predominates over the decrease in solubility due to the common-ion effect. 
The solubility product, which for an ionic concentration of zero is 7.6 X 
10-" at 25°, increases with increasing ionic concentration as shown in 
column three of the table. In other words, if one were precipitating 
lanthanum iodate from a solution of iodate it would not be wise to add an 
excess of lanthanum nitrate greater than 0.003 mole per liter, for beyond 
that point the solubility increases. The change in the solubility product is 
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quite general, and although it is not so marked with uni-univalent electro- 
lytes, it nevertheless exists as shown by the careful measurements of 
Popoff and Newman (9) on the solubility of silver chloride in salt solutions. 

Again the question is—What shall we teach the student? The author 
would teach the student the solubility product principle but would not 
emphasize the constancy of K,,, and would not have the student make 
detailed calculations assuming K,,, to be constant. Rather he would have 
him calculate the change of K,,, with change in ionic concentration, using 
the solubility data found in the literature. The discussion of the laws for 
the change of K, and K,), with change in ionic concentration would then 
follow logically in his later courses. 
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RECENT APPLICATIONS OF X-RAYS IN INVESTIGATIONS OF 
MOLECULAR STRUCTURE* 


W. C. Prerce, UNIVERSITY OF CHICAGO, CHICAGO, ILLINOIS 


A brief review of recent work on scattering of X-rays by liquids and gases. 
Liquids give a diffraction pattern showing well-defined peaks at small angles. 
This is thought to be due to a transitory orientation of molecules in planes. 
From the position of the peak the mean cross-section of the molecules may be 
calculated, giving results in good agreement with other determinations. Certain 
gases give diffraction patterns showing pronounced peaks of intensity. Debye 
has shown that these are due to the scattering by the individual atoms of the 
molecule and has developed relations whereby the interatomic distances may be 
calculated. The same type of diffraction is obtained on passing a beam of high 
velocity electrons through a gas. Results of the measurements of inter-atomic 
distances by both methods are listed. 


During the past twenty years X-rays have been extensively employed for 
investigating crystal structure. Today the theory and technic are so well 
advanced that the relative positions and distances apart of the atoms in 
most crystals can be definitely determined. This work is based on the fact 
that when X-rays strike an atom it becomes** an emitter for rays of the 
same wave-length. Since in a crystal the atoms are arranged in a regular 
pattern at fixed distances the re-emitted rays from the separate atoms are 
out of phase and may cause interference. Bragg showed that at certain 
positions of the crystal with respect to the primary beam the scattered 
rays from the various atoms are in the same phase, giving a high intensity 
in the reflected beam. The condition for constructive interference is 
defined by the Bragg equation: 


ny = 2D sin @ 


in which ) is the wave-length in Angstrom units, D is the distance apart of 
the parallel planes containing the reflecting atoms, @ is the angle between 
these planes and the primary beam, and 7 is an integer denoting the ‘‘order”’ 
of the reflection. 

The positions of the interference peaks may be determined by an ioniza- 
tion spectrometer or by a photographic method. In the former (Figure 1) 
a parallel beam of X-rays is allowed to strike a cleavage face of a crystal, A, 
mounted on the center of a spectrometer table. Rotating about this point 
is the ionization chamber, B, which is filled with a gas of high absorbing 

* The material in this paper is taken from a lecture given before the research staff 
of Swift and Company of Chicago. Mr. W. D. Richardson, chief chemist, has kindly 
consented to its publication. 

** In reality the separate non-nuclear electrons are the source of the emission, 
but if their distance apart is small in comparison to the interatomic distance the atom 
may be considered as the sourcé. 
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power for the X-rays used. As rays enter the chamber they ionize the gas, 
and by applying an electric field between the chamber and an insulated 
collecting rod, R, ions of like charge may be swept to the rod. This is 
connected to one pair of quadrants of an electrometer, E, and the system 
so arranged that the velocity of drift of the electrometer needle is propor- 
tional to the ionization current. In the photographic method the ioniza- 
tion chamber is replaced by a photographic film which blackens under the 
action of the X-rays. The intensity of blackening is not proportional to 
the intensity of the beam, and for accurate comparison of intensity the film 
must be calibrated by a series of test spots of known relative intensity. 
The crystal spectrometer 
may be used for determining 
the distance apart of crystal 
planes or may serve as a 
spectroscope for analyzing X- 
ray beams. Results of a 
typical analysis of a beam 
are shown in Figure 2 (the 
intensity is plotted as a func- 
tion of the crystal angle). 
Crystal diffraction may 
also be obtained by passing 
a beam of monochromatic 
X-rays through a layer of 
powdered crystals. Although 
the crystals are in random 
E orientation the condition for 
reflection will be met by some 
R and the pattern obtained will 
B contain a line for each reflect- 
ing plane. 

When a beam of X-rays is 
passed through a liquid a similar effect is produced but instead of sharp 
lines as given by powdered crystals the liquid gives a diffuse pattern. A 
typical example of this is shown in Figure 3 for the scattering of n-hexyl 
alcohol. This effect was discovered in 1916 by Debye and Scherrer (1). 
They at first attributed it to interference between radiation scattered by 
the separate atoms of the molecule but later work has provided ground for 
the belief that it is due to the scattering of the molecule as a whole. 

A large amount of experimental work has been done and many theories 
proposed for linking the molecular arrangement with the X-ray effects,* 

* For complete accounts of the work and bibliography the reader is referred to 
reviews by Drucker (2) and Stewart (3) and a recent paper by Debye and Menke (4). 
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but because of lack of uniformity in experimental arrangement and, in some 
cases, lack of monochromaticity in the X-ray beam the results of various 
workers are not always comparable. 

The results of Stewart and his coworkers (5) are valuable because they 
have systematically investigated members of homologous series of organic 
compounds with monochromatic X-rays. They find that all carbon chain 
compounds give a main peak (A of Figure 3) and in addition certain ones 
give a minor peak (B of Figure 3). The position of peak A is the same for 
all normal alcohols, acids, or paraffins and it is consequently attributed to 
the cross-sectional spacing of 
the molecule. The minor 
peak, B, is found for the 
normal and secondary alcohols 
and for the fatty acids, but not 
for the paraffins. Further, in 
members of a homologous 
series the position of this peak 
is found to depend on the 
number of carbon atoms in 
the chain. Stewart considers 
it as a measure of the length 
of doubly associated mole- 
cules, but in order to account 
for the values found he has to 
assume that the polar groups 
are lying in planes not perpen- 
dicular to the carbon chains. 

By assuming the validity of 
the Bragg law for liquid scatter- 
ing some interesting relations 
may be obtained for the organic FiGurE 2.—ANALysIs oF INTENSITY DisTRI- 
liquids investigated. These }ohaserabind Diag BEAM BY CALCITE CRYSTAL 
may be briefly summarized: 

1. The cross-section of the normal chain compounds is about 4.6 A. U. 
This agrees with values determined by Adam (6) from the spreading of oil 
films on water. 

2. Compounds having a terminal —OH or —COOH group seem to be 
doubly associated at the polar group and these groups tend to lie in planes 
not normal to the carbon chains. 

3. The linear separation of carbon atoms in the chain is about 1.24 
A. U., indicating a zigzag arrangement. This is not the result of a 
direct measurement, but of computations based on the density and cross- 
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4. The cross-section spacing is increased by the addition of a side chain. 
In some cases of very unsymmetrical molecules two dimensions may be 
measured. 

5. The molecules of ring compounds seem to have a flat shape and only 
one dimension may be measured from the diffraction pattern. The 
introduction of certain substituents does not markedly increase the thick- 
ness of the molecule, which fact is taken as evidence that the substituent 
lies in the plane of the ring. 

6. The length of paraffin molecules may be calculated by the relation 





A Road eee Sb a L = 1.24n + 2.7 
A 


where L is the length in Ang- 
strom units and m is the num- 
ber of carbon atoms. Densities 
computed from this equation 
and the cross-section agree with 
the experimental values. 

The foregoing implies a reg- 
ular arrangement of molecules 
in planes; a concept that is 
not in harmony with the gener- 
ally accepted view that the 
B molecules of a liquid are ar- 
a ranged at random. However, 
a comparison of the density of 
- liquid and solid indicates that 
there are enormous attractive 
r forces between the molecules 
and it is not unlikely that 
these forces may hold adjacent 

FIGURE 3.—INTENSITY-ANGLE CURVE FOR molecules in roughly parallel 

n-HEXANOL ae 

positions .so that the liquid at 
any instant may be considered much as a powdered crystal. Thermal 
agitation may overcome these instantaneous orientations but will not lead 
to a completely random orientation since the most probable arrangement is 
one with the molecules in a parallel position. For the paraffins only one 
arrangement is most probable—a side-by-side orientation with no preferred 
position along the axis of the chain. With compounds containing a polar 
group there is also a tendency to align such groups in planes, but this is far 
less than the tendency for the side-by-side arrangement of the chains. The 
condition of the molecules in a paraffin at any instant may be schematically 
represented as in Figure 4. Here are all possible orientations of molecules 
but no sudden discontinuity in the arrangement of adjacent ones. Stewart 
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in his “‘cybotactic’”’ theory considers the instanta- (| /) Vy 

neous arrangement to be more definite than that [h UD 
shown in Figure 4 for he regards it as a sort of ie 

incipient crystallization. However, he emphasizes a — oe 
the fact that any arrangement is transitory. OF MOLECULES IN A 

In any case, the experimental results indicate NoN-PoLar Liguip 
that there is in liquids a periodicity in the arrange- 
ment of scattering particles; a periodicity that cannot be explained in 
general by an aggregation of spherical molecules, but rather suggests an 
arrangement of unsymmetrically shaped molecules. At present the theo- 
retical treatment is inadequate for completely describing the structure of a 
liquid. The importance of such knowledge for explaining the phenomena of 
solution, crystallization, and viscosity, emphasizes the need for further 
study of X-ray diffraction in liquids. 

The results of X-ray measurements with gases are in a far more satis- 
factory state than for liquids, for with gases the theoretical treatment of the 
problem is well worked out and the experimental results definitely inter- 
preted. This is mainly due to the researches of Debye and his students (7). 
In 1915 he worked out a mathematical theory of interference in the scatter- 
ing of radiation from points at fixed distances but having random orienta- 
tion with respect to the primary beam inducing the scattering. Attempts 
were made to apply this to scattering by liquids but no work was attempted 
with gases until much later. In 1925 Debye suggested that the distance 
between the atoms of a molecule might be directly determined by applica- 
tion of the scattering theory to results obtained with gases since 
the molecular interference 
would be small in that case. 
Results with chlorinated or- 
ganic compounds have since 
been obtained and the theory 
expanded to take into account 
the effect of the distribution 

of electrons within the atom. 
1c In its present form the theory 

may be used to construct 
scattering curves almost iden- 
tical with the experimental 
ones. 

In order to determine the 
interatomic distances within a 
molecule it is necessary to 


Third maximum and minimum at larger angles 7 wap - nee See 
not shown. (From Debye.) power, 7. é., of high atomic 
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number. Chlorine, with seventeen electrons, is a suitable material, for its 
scattering is large in comparison to that of carbon. For investigating a 
desired interatomic distance chlorine atoms are substituted in the chosen 
positions and the diffraction pattern of the gaseous compound determined, 
For this purpose a heated scattering chamber is mounted at the axis of a 
circular film and a system of slits so arranged that only radiation scattered 
from a small volume of the gas may reach the film. After several hours 
exposure the film is developed and the relative blackening at various angles 
determined by examination with a microphotometer. The interatomic 
distances may be calculated from the position of the various maxima and 
minima of the scattering curve of intensity vs. angle. Debye’s experi- 
mental results for carbon tetrachloride are shown in Figure 5 and the results 
calculated from the various maxima and minima in Table 1. Results for 
other compounds are shown in Table 2, in which the uncorrected values are 
those calculated on the basis of scattering from points and the corrected 
values those calculated by considering the effect of the electron distribution 
in the carbon and chlorine atoms. 


TABLE 1 
Cl-Cl Distances in Carbon Tetrachloride 
(Calculations based on results of Figure 5) 


Cl-Cl Distance 
Position in A. U. 

lst minimum 3.00 

lst maximum 2.97 

2nd minimum 2.98 

2nd maximum 3.01 

3rd minimum 3.00 

3rd maximum 2.96 

Mean value 2.99 = 0.03 A. U. 

TABLE 2 
Cl-Cl Distances in Certain Organic Compounds 
Compound Uncorrected Distance Corrected Distance 

Carbon tetrachloride 3.1 2.99 = 0.03 A. U. 
Chloroform 3.4 3.11 + 0.05 
Methylene chloride 3.9 3.23 = 0.1 
1,1-Dichloroethane 3.4 
1,2-Dichloroethane 4.4 
cis-Dichloroethylene 3.6 
trans-Dichloroethylene 4.1 


Application of this method should lead to valuable results in connection 
with stereochemical problems but its use is somewhat limited by the diffi- 
culty of obtaining a stable vapor of many compounds and by the necessity 
for working with compounds containing but few carbon atoms (otherwise 
the effect of the carbon scattering will completely mask the desired CI-Cl 
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interference). The former difficulty has led to attempts to make similar 
measurements on solutions (8) with the hope that the gas pattern of the 
solute might be obtained. It has been found, however, that the effect of the 
solvent masks that of the solute and accurate measurements cannot be 
made in this way. 

Recent important contributions in the measurements of interatomic 
distances have been made by the use of electron beams (9). A beam of 
high-velocity electrons is diffracted by matter much as are X-rays and the 
same laws of scattering may be applied. This method has the advantage 
that photographic records may be obtained in a fraction of a second instead 
of the hours of exposure necessary when X-rays are used. In cases where 
both methods have been used the agreement is excellent. A summary of 
these measurements is given in Table 3. 


TABLE 3 
Interatomic Distances as Measured by Electron Beams 
[From results of Wierl, ref. (9)] 


Molecule Atomic Distance Molecular Form 
Bromine Br-Br 2.28 
Carbon dioxide 0-O 2.26 Linear 
Carbon disulfide S-S 3.16 Linear 
Sulfur dioxide S-O 1.37 Angular? 
Nitrous oxide N-N 2.38 
Carbon tetrachloride Cl-Cl 2.98 Tetrahedral 
Germanium tetrachloride Cl-Cl 3.43 Tetrahedral 
Silicon tetrachloride Cl-Cl 3.29 Tetrahedral 
Titanium tetrachloride Cl-Cl 3.61 Tetrahedral 
Tin tetrachloride Cl-Cl 3.81 Tetrahedral 
Chloroform Cl-Cl 3.04 
Methylene chloride Cl-Cl 3.16 Angular, C-Cl angle ca. 110° 
Carbon tetrabromide Br-Br 3.35 
Boron trichloride Cl1-Cl 3.03 
Phosphorus trichloride Cl-Cl 3.18 
P-Cl 2.04 Pyramidal 
Benzene C-C 1.39 All C atoms in a plane 
Cyclohexane C-C 1.51 Angular 
Cyclopentane C-C 1.52 A plane 
n-Pentane C-C 1.5 Tetrahedral angles in the 
chain 


Certain of the results obtained by electron beams are not obtainable by 
X-rays, as for example the C-C distance in the normal straight-chain 
compounds. This is because of the low scattering power of the light carbon 
atom for X-rays. It may well be that the electron beam method will 
prove more fruitful for such investigations than X-rays. 

Finally, mention should be made of the application of X-rays diffraction 
data to the determination of electron distribution in the atom. Compton 
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(10) has developed relations whereby such distributions may be calculated 
from the observed scattering for light monatomic gases and has made the 
calculation for helium. The result is a distribution in harmony with the 
newer atom models of the physicist. Wollan (11) has made a similar 
determination for neon. 

With advances in X-ray technic it is hoped that the methods here dis- 
cussed and others not yet discovered may soon enable the physicist and 
chemist to attain a much more definite knowledge of the molecule and of 
the atom. 
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British report most potent form of vitamin D yet known. A crystalline form 
of vitamin D, more potent in its ability to prevent and cure rickets than any similar 
preparation now known, has just been prepared by a group of scientists working at the 
National Institute for Medical Research in London. The men who have made this 
remarkable scientific contribution are Drs. F. A. Askew, H. M. Bruce, R. K. Callow, 
J. St. L. Philpot, and T. A. Webster. The leader of the group, Dr. R. B. Bourdillon, 
was prevented by illness from taking active part in the last stage of the work. 

This new form of vitamin D is called ‘‘calciferol” by its discoverers. They say of it: 
“‘The antirachitic activity of calciferol is the highest yet recorded in known units for any 
preparation.”” Calciferol has more of this antirachitic potency than the crystalline 
preparation of vitamin D recently reported by the German Nobel Prize winner, Prof. 
Adolf Windaus of Géttingen, Germany, the British investigators state in their report to 
Nature (London). 

Prof. Windaus has two vitamin D substances which he calls vitamin D,; and vitamin 
De. Calciferol is not the same as D, but is much like vitamin D, in such physical proper- 
ties as have been described. Prof. Windaus’ vitamin D2, however, has approximately 
the same activity against rickets as D,. In this it differs from calciferol, which has much 
greater antirachitic activity than D,, the British scientists found. Consequently they 
concluded that the two substances, calciferol and De, are not identical. 

Calciferol has been proved by them to be a direct product of the irradiation of 
ergosterol, known for some time as the parent substance of vitamin D. It has the same 
elements in the same relative proportion as ergosterol, although the structure of its 
molecule may be different from that of ergosterol— Science Service 
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THE PLANT GUMS* 
ERNEST ANDERSON, THE UNIVERSITY OF ARIZONA, TUCSON, ARIZONA 


Plant gums are probably pathological products. They occur chiefly as salts 
of complex organic acids. On hydrolysis they yield usually either d-glucuronic 
acid or d-galacturonic acid and several molecules of one or more sugars. 
Apparently the molecule of a gum is held together by glucosidic linkages 
similar to those present in disaccharoses. Their composition is determined by 
hydrolysis with dilute acids and isolation of the products formed. 


The plant gums (1), which form the subject of this paper, are 
closely related to some of the plant mucilages, the pectins, and hemicellu- 
loses. The gums are apparently not normal products of plant metabolism 
but probably are more or less pathological products formed by plants when 
injured or diseased or under adverse climatic conditions. When dry they 
are rather hard, translucent, amorphous bodies. They are insoluble in 
alcohol and differ in this way from the resins.** Some dissolve completely 
in water with the formation of colloidal solutions. Others are only partly 
soluble in water but swell up to give a jelly. From their water solutions 
they are precipitated by alcohol and by basic lead acetate. They are more 
difficult to hydrolyze by acids than dextrin or starch but less difficult than 
cellulose. When hydrolyzed completely they generally yield a mixture of 
two or more sugars together with either d-galacturonic or d-glucuronic acid. 
They occur in nature as salts of complex organic acids formed by the union 
of the various sugars with the hexose uronic acids. The metals usually 
present are potassium, calcium, and magnesium, but various other metals are 
often present. Gums are usually classified into those, such as gum arabic, 
that are completely soluble in water, and those, such as gum tragacanth, 
that are only partly soluble in water. This classification, however, is not 
satisfactory since some gums contain several different substances. 


The Chemical Composition of Plant Gums 


Plant gums were formerly classed among carbohydrates of the general 
formula (CsH10;),. Research work between 1880 and 1900 showed that 


* Plant gums are discussed in a popular manner in various encyclopedias, es- 
pecially in the Encyclopedia Britannica. The U. S. Pharmacopeceia, and U. S. Dis- 
pensatory as well as the general works referred to in the bibliography, describe the occur- 
rence of the gums, the methods used in collecting them, and their uses. This informa- 
tion is quite reliable and need not be repeated here. However, research work carried 
out in the past decade has changed materially our views on the composition and structure 
of plant gums. ‘This article is intended to summarize briefly some of the recent work 
on this interesting group of plant compounds. 

** The term “plant gum” is often applied to any compound that exudes from the 
bark of a plant. This broad use is by no means correct. Many such substances are 
resins. Any such material that cannot be readily washed off the hand by cold water 
is not a gum. 
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this view is untenable and that the gums are complex acids which, on 
hydrolysis, yield various sugars and an acid complex. While the exact struc- 
ture of none of the gums has yet been determined and even the substances 
given by many on hydrolysis are not known, research work on the class asa 
whole during the past decade has progressed sufficiently far that we know in 
a general way what substances to expect from the hydrolysis of a gum and 
how to determine its composition (2). 

In the case of those water-soluble gums that have been carefully studied, 
such as gum arabic (3) and mesquite gum (4), one end of the molecule is 
occupied by d-glucuronic acid or d-galacturonic acid whose carboxyl group 
is present as a salt. The aldehyde end of this uronic acid is joined by a 
glucosidic union to a hydroxyl group of some sugar. The aldehyde group of 
this sugar in turn is joined by a glucosidic union to an alcohol group of a 
second sugar and so on down the molecule. The sugar molecules present 
may all be alike but usually two or more different sugars are present. In 
the case of mesquite gum d-glucuronic acid is present. One of its hydroxyl 
groups has interacted with methyl alcohol and is present in the gum as an 
OCH; group. The same is true of the gum from lemon trees except in this 
case d-galacturonic acid is present. In the case of gum arabic the d- 
glucuronic acid which is present has no OCH; joined to it. Anderson and 
Otis (4) suggest the following structural formula for mesquite gum: 
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cule of d-glucuronic acid, three molecules of d-galactose, three molecules of 
l-arabinose, and one molecule of /-rhamnose. Unpublished data by Ander- 
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son and Russell from their work on the gum from lemon trees indicate that 
it is composed of series of units, each of which is more or less similar to that 
given for mesquite gum. It would evidently be possible for the aldehyde 
group of one of the sugars to be joined through a glucosidic union to an 
alcohol group in a second unit. This would lead to the formation of very 
large molecules similar in some respects to the molecules present in the 
proteins. Indeed, the hexose uronic acids seem to bear somewhat the same 
relation to the plant gums, some plant mucilages, pectins, hemicelluloses, 
and to some of the specific polysaccharides synthesized by bacteria, that the 
amino acids bear to the proteins. 

When a water solution of a gum is mixed with dilute hydrochloric acid in 
the cold and a large volume of alcohol is added, the free gum acid is pre- 
cipitated. Apparently these acids are all built more or less alike. The 
physical and physicochemical properties of very few of them have been 
carefully studied but that from gum arabic has been repeatedly prepared 
and its physical and physico-chemical properties studied (5). 

In determining the composition and structure of plant gums the water- 
soluble gum is mixed with approximately six times its weight of four per 
cent. sulfuric acid and heated in a water-bath. Hydrolysis of the complex 
molecule begins immediately. By carefully regulating the temperature and 
duration of heating any degree of hydrolysis desired can be attained. The 
acid is then neutralized by calcium carbonate or barium carbonate and the 
insoluble sulfate removed by filtration. The filtrate is concentrated and 
the salts of the organic acids are precipitated by alcohol, while the sugars 
remain in the alcohol solution. The sugars are isolated and identified and 
the salts of the organic acids are separated ready for study. In this way 
acids of the following compositions have been obtained from mesquite 
gum (4): 1. Four molecules of /-arabinose combined with three molecules 
of d-galactose combined with one molecule of methoxy-d-glucuronic acid. 
The structure was given above. 2. Three molecules of d-galactose 
combined with one molecule of methoxy-d-glucuronic acid. 3. Two mole- 
cules of d-galactose combined with one molecule of methoxy-d-glucuronic 
acid. 4. One molecule of d-galactose combined with one molecule of me- 
thoxy-d-glucuronic acid. These various acids represent different stages in 
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the hydrolysis of the complex acid of which mesquite gum is a salt, 
Working in the same general way Butler and Cretcher (3) isolated from the 
hydrolytic products of gum arabic an aldobionic acid composed of one 
molecule of d-glucuronic acid combined with one molecule of d-galactose 
to which they give the structure shown at bottom of page 855. 

Norman claims that gum arabic is not a definite compound but is a 
mixture. Quite possibly this is correct. Indeed, in any gum there 
probably is some variation in the relative number of sugar and uronic 
acid molecules that are combined together. However, Norman concludes 
that gums are built up along the general lines indicated above. 

Weinmann (6) has described in detail the preparation of d-glucuronic 
acid from gum arabic. This work has been confirmed by Heidelberger and 
Kendall (7). Link and Dickson (8) have described the preparation of d- 
galacturonic acid from lemon pectin. Link, in a private communication 
to the author, has described the preparation of crystalline d-glucuronic acid 
both from gum arabic and from cherry gum. 

Probably as other water-soluble gums are studied their composition 
and structure will be found more or less similar to those described above. 

The water-insoluble gums are more difficult to study than the water- 
soluble gums and less is known about their composition and structure. 
However, they are composed of hexose uronic acids combined with various 
sugars. The carboxyl groups are present in part as salts but it is possible 
they may be combined in part either with cellulose or with some other 
insoluble body. Furthermore, some of the water-insoluble gums contain 
several molecules of an uronic acid joined directly to each other, forming 
the so-called polyuronides. 

The best known of the water-insoluble gums is gum tragacanth. This 
gum is composed of a water-soluble portion which is small in amount and is 
called tragacanthin and a water-insoluble portion which is large in amount 
and is called bassorin. Norman (10) has recently published the results of 
his investigation of the water-soluble portion. He finds that it is composed 
of approximately 50 per cent. uronic acid anhydride and 43 per cent. an- 
hydro-l-arabinose. A part of the /-arabinose is easily hydrolyzed off, while 
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another part is hydrolyzed off with difficulty. This leads him to suggest 
the foregoing as a possible formula for tragacanthin. 

The work of von Fellenberg (11) and other investigators (12) of the 
insoluble portion of gum tragacanth indicate that it is somewhat more 
complex than the soluble portion but is built along the same general line. 

Sands and Klaas (13) have shown that cholla gum contains a water- 
soluble and a water-insoluble portion. It contains d-galacturonic acid and 
the sugars, d-galactose, /-arabinose, and /-rhamnose, and apparently is 
similar in structure to other gums. 


The Origin of Plant Gums 


The structural parts of plants are often built up of a hemicellulose joined 
by an ester union to the cellulose. When such materials are treated with 
alkaline solutions the ester union is split and the hemicellulose dissolved out 
asasalt. These bodies are often similar in structure to some of the plant 
gums. This close similarity indicates that the gums may in some cases be 
formed by simple hydrolysis of the ester union which holds the hemi- 
cellulose to the cellulose. The hemicellulose may then undergo further 
change and appear as a plant gum. Such changes might be caused by the 
action of enzymes liberated through an injury of any kind to the plant. 

Some of the gums, especially gum tragacanth, are similar to a part of 
the pectin molecule and may be formed by pathological changes in pectin or 
pectin-like bodies. However, it is well known that bacteria may synthe- 
size bodies similar in structure to some of the gums (14). Probably some of 
the gums are due directly to bacterial action. Indeed, all of these factors 
may at different times lead to the formation of plant gums. 

In conclusion we may say that a large amount of work remains to be done 
on plant gums before we know their exact structure. However, the general 
methods to be followed in the work are known and if sufficient material can 
be obtained the work will in time be completed. 
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Diamonds found in American gravels. A number of diamonds have been found 
in gravel deposits in Michigan, Wisconsin, and Illinois. While the majority of them 
are small, many diamonds of considerable value have been discovered. The largest so 
far reported found weighed 21!/2 carats. 

A great diamond field somewhere in the north is believed to be the source of these 
stray diamonds. Where it is—or was—no one knows. But undoubtedly at some time 
glaciers swept over it, carrying away with them some of the diamonds, and perhaps even 
sweeping away the entire deposit. At they moved down over the Great Lakes region 
they scattered the diamonds among the gravel they left in their wake. Attempts made 
to find this field have all failed. Probably if still in existence it is hidden in the great 
wild and inaccessible areas of Canada, and the search for it is on a par with the hunt 
for the proverbial needle in the haystack. 

The diamonds found in the gravel beds, having been washed by water, are clean 
and easily seen. They resemble pieces of glass or clear crystal quartz. Usually they 
will reflect a rainbow of color without polishing. Therefore pebbles showing rainbow 
colors are worth examining carefully.—Science Service 

New type of frozen fruit being developed. A new type of frozen fruit, which 
not only will appeal to the palate but also will offer a new outlet for the fruit grower and 
packer, is being developed by the Food Research Division of the Bureau of Chemistry 
and Soils, Department of Agriculture. 

By pulping the pitted fruit, adding a sugar sirup, mixing it thoroughly and then 
freezing it at very low temperatures, Department chemists have developed this frozen 
fruit product which they claim has a remarkably smooth texture and fully retains the 
original flavor. 

The experiments already have been made with excellent results with several varieties 
of fruit, and it is hoped that later results will measure up to the promise of these pre- 
liminary experiments. If so, ice-cream manufacturers and soda fountain operators 
will have a new and highly desirable fruit base, which also will be available for direct 
consumption in the frozen state.—Science Service 

Fluorine proved cause of mottled teeth. Dogs with mottled teeth, an endemic 
condition of the enamel produced by the presence of fluorine in drinking water, have been 
achieved experimentally by Dr. Margaret Cammack Smith of the home economics de- 
partment at the University of Arizona. : 

Six months ago, Dr. Smith completed her experiments with the drinking water at 
St. David, Arizona, and determined that fluorine in the drinking water at that place was 
responsible for the existence of mottled teeth. 

At first the mottled condition was only produced experimentally in white rats but 
now for the first time this condition has been given to the larger animals. The mottled 
condition has been produced after a six months’ feeding experiment.— Science Service 





















T’AO HUNG-CHING 


TENNEY L. Davis AND Lu-CH’IANG Wu 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, MASSACHUSETTS 


T’ao Hung-Ching (451-536 A.D.) lived at a time when alchemy had already 
been practiced in China for seven or eight hundred years. In his time the art 
of preparing the pill of immortality already had its authentic and its legendary 
history and heroes. The practitioners of the art called themselves, as they 
also called the art, by the name of Huang Lao, a combination of the names of 
Huang Ti, the Yellow Emperor, legendary founder of alchemy, and of the 
name of Lao Tzii or Lao Chiin, the Sage, founder of the Taoist doctrines which 
supplied the philosophical basis of their quest. The alchemical writings of 
Liu An or Huai Nan Tzii (died 122 B.C.), of Wei Po-yang (flourished about 
142 A.D.), and of Ko Hung or Pao P’u Tzti (about 281-361 A.D.) had al- 
ready attained the authority of classics. The Lieh Hsien Ch’itian Chuan 
(Complete Biographies of the Immortals), upon which the following account of 
T’ao Hung-Ching is largely based, gives a circumstantial description of the 
man and of the events of his life, a description which differs in this respect from 
those in the same work of Huang Ti, Liu An, and Wei Po-yang which appear 
to be based upon tradition and convey but little idea of the individuality of the 
man to which they relate. 


The Taoist physician and alchemist, T’ao Hung-Ching, was born at 
Mo Ling, Kiangsu, near Nanking, in 451. Just before his conception his 
mother dreamed that a black dragon issued from her bosom and that two 
angels carrying incense burners waited upon her. The child was delicate 
and possessed of unusual precocity. At the age of ten, he came across the 
Shen Hsien Chuan of Ko Hung which he studied diligently day and night. 
And so he made up his mind to devote himself to the art of Life Cultivation. 
He began to pound drugs with a view to discovering the secret of im- 
mortality. 

His father had been ruined by a concubine. He took this for a lesson 
and was never married. 

He was a graceful and handsome man, seven feet and seven inches tall. 
He had bright eyes, thin and narrow eyebrows, a high brow, and out- 
standing ears. On each of his ears there were seventy-odd hairs which 
stood out for a distance of more than two inches. On his right knee there 
were dozens of freckles arranged after the pattern of the seven stars. He 
was learned in ten thousand volumes but ignorant of affairs of the world 
and became very much ashamed of himself on that account. He was very 
skilful at playing the Ch’in (a stringed musical instrument) and at chess, 
and he wrote beautifully both in the classical and in the ordinary hand- 
writing. 

When he became of age the Prime Minister, who later became the Ch’t 
Emperor Kao Ti, appointed him Councilor on Scholarship to the Princes. 
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Although he was in officialdom, he stayed away from social affairs and 
applied himself to his studies. Being stricken with poverty, he applied 
for a District Governorship but was refused. In the year 492 he took off his 
official uniform, hung it at the main gate of the capitol, and addressed his 
resignation to the Emperor—which was granted. The Emperor also 
conferred upon him five catties (pounds) of Fu Ling and two pints of white 
honey as parting gifts. The farewell parties which were given in his 
honor by the nobility and officials were so pompous that great admiration 
was aroused in all circles, both high and low, and the occasion was said to 
constitute an ovation unsurpassed since the times of the Sung and Ch’, 
He retired to the Mao Shan Mountain in Chui Yung and continued to dwell 
there until his death in 536. He named his residence the Hua-Yang 
Retreat, and he used this same name in signing his correspondence. He 
became known as the Hermit or Saint of Hua-Yang. 

With a certain Tung Yang Sun he visited the Yiieh mountains where he 
obtained various Taoist writings. He also visited all of the famous moun- 
tains in search of the medicine. Shen Yo, a Governor of Tung Yang, 
thought highly of TJ’ao Hung-Ching and extended several invitations to 
him, but the invitations were invariably refused. 

T’ao Hung-Ching was amiable, modest, and careful. His discerning 
intellect, bright as the reflection of a shining mirror, comprehended the 
meaning of all things which he encountered. His words were few, but 
they struck home very readily and effectively. 

In 499 he erected a three-storied dwelling or tower, on the top floor of 
which he lived, the middle floor being reserved for his disciples and the 
lowest floor for guests. An attendant was the only person allowed to have 
access to his apartment. So he came to be isolated from the outside world. 
He abandoned horseback riding and archery, of which he had been very 
fond. He liked to listen to the Seng (a wind instrument) and he enjoyed 
especially the music of the wind in the pine trees. He had many of these 
trees planted in all his courtyards and was filled with joy whenever he 
heard them. Sometimes he roamed alone among the springs and rocks. 
Those who saw him on such occasions took him to bea Hsien (a supernatural 
immortal). He was fond of writing and had a taste for unusual things. He 
had a passion for work which strengthened as he grew older. He was 
learned in Ying-Yang (the Two Contraries) and Wu-hsing (the Five 
Elements), in winds and stars, in mountains and rivers and the lay of the 
land, in living things, in medicine, and in history. He had high admiration 
for Chang Liang and considered him to be a sage incomparable. 

The Liang Emperor Wu Ti, before he mounted the throne, was among 
his visitors. After this Emperor’s accession in 502, T’ao Hung-Ching made 
several divinations, all of which gave the word, Liang, and he sent one of 
his disciples to convey the auspicious news to the Emperor. The Emperor 
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conferred favor after 
favor upon him. Once 
when he was in need of 
materials, the Emperor 
presented him with some 
yellow gold, chu sha, 
Tseng tsing, hsiung huang, 
and other things, from 
which he compounded the 
fei tan (flight medicine) 
which was snow white. 
T’ao Hung-Ching ate 
some of it and became 
light of body. The Em- 
peror also ate some and 
had the same effect, a 
result which heightened 
his admiration for him. 
Time and again the Em- 
peror made him offers of 
official positions, but one 
and all the offers were 
declined. In his final 
answer to the Emperor, 
T’ao Hung-Chin drew a 
picture of two oxen, one 
of them roaming free 
among the grass and 
water, the other being 
driven under a golden harness. The Emperor took the answer in good 
humor and became convinced of the impossibility of enlisting T’ao Hung- 
Ching as a regular official. He continued however to consult him on all 
important matters of state, for which reason T’ao Hung-Ching came to be 
known as the ‘“‘Prime Minister in the Mountain.” 

When the Chien Emperor Wén Ti made a visit to Nan Hsu Chow, he 
sent for T’ao Hung-Ching who presented himself in simple attire and was 
given a private audience which lasted for several days. The Emperor was 
greatly impressed. : 

When his disciple, Huan K’ai, had attained the Tao and was about to 
arise to the sky, T’ao Hung-Ching said, ‘‘I have been most assiduous in 
living up to the Teachings and in the study of the Tao, yet I am still left to 
linger on in this world. Perhaps this is the consequence of some faults 
of mine of which I am not aware.” And he entrusted him with an inquiry 
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known as the ‘“‘Prime Minister in the Mountain.”’ 

When the Chien Emperor Wén Ti made a visit to Nan Hsu Chow, he 
sent for T’ao Hung-Ching who presented himself in simple attire and was 
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When his disciple, Huan K’at, had attained the Tao and was about to 
arise to the sky, T’ao Hung-Ching said, ‘‘I have been most assiduous in 
living up to the Teachings and in the study of the Tao, yet I am still left to 
linger on in this world. Perhaps this is the consequence of some faults 
of mine of which I am not aware.” And he entrusted him with an inquiry 


Seng 

















862 JOURNAL OF CHEMICAL EDUCATION May, 1932 


into the matter. From the sky Huan K’ai returned once to deliver the 
message that his teacher’s good works had been highly commendable, but 
that, on account of his numerous prescriptions in his Pén-ts’ao (Materia 
Medica) for the use of insects to the detriment of life although beneficial to 
mankind, his consecration to the Overseership of the Water of the Polity of 
P’eng Lai (that is, of the magic islands in the Eastern Sea where the Im- 
mortals dwell) was being postponed for anera. TJ’ao Hung-Ching there- 
fore wrote Pieh Hsing Pén-ts’ao (a Special Materia Medica) in three 
volumes in which he substituted as far as possible medicines of vegetable 
origin for those of animal origin so as to redeem his past sin. 

T’ao Hung-Ching retained his youthful appearance even after he had 
passed the age of eighty years. According to the ‘Book of the Hsien”’ those 
who have square eyes live a thousand years. During the latter years of his 
life one of his eyes became square at times. One day, although he was in 
good health, yet knowing that death was at hand, he wrote a farewell 
poem, and on the selfsame day he died at the age of eighty-five. In death, 
he retained his usual complexion and lifelike flexibility, and his body filled 
the mountain with fragrance. 

T’ao Hung-Ching wrote or edited one of the most important ancient 
treatises on materia medica, the Ming-i-pieh-lu. To the three hundred 
sixty-five drugs mentioned in the Shén-nung Pén-ts’ao (fourth century B.C.) 
he added three hundred sixty-five others which had been recommended by 
the physicians of the Han and Wei dynasties. He wrote other treatises 
on the same subject—‘‘Collected Notes on the Materia Medica,” ‘‘Effica- 
cious Medical Prescriptions,’’ ‘One Hundred and One Handy Prescriptions,” 
and ‘‘The Method of Preparing the Medicine According to the Times.”’ Of 
a literary and historical nature were his ‘‘Scholar’s Garden,” “Collected 
Notes on the Book of Filial Piety, and on the Dialogues of Confucius,” 
“Chronology of the Emperors and Their Dynasties,” ‘Dissertation on the 
Various Political Districts Past and Present,’’ and ‘‘Collection of Important 
Pictures and Portraits.’”’ He also wrote a ‘“Treatise on Famous Swords’ 
and edited, in or after 489, the Chen-kao or ‘“‘Declaration of the Genii” a 
work which is devoted to the magical and fantastic aspects of Taoism. 
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THE DISCOVERY OF THE ELEMENTS. VII. COLUMBIUM, 
TANTALUM, AND VANADIUM* 


Mary ELvirA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


Although the metals columbium, tantalum, and vanadium were recognized 
very early in the nineteenth century, the difficult task of preparing them in a 
pure state is an achievement of recent years. In 1801 the English chemist, 
Charles Hatchett, discovered a new element in a specimen of columbite which 
had an interesting connection with the history of New England. In the same 
year A. M. del Rio, a professor of mineralogy in Mexico, examined some 
“brown lead from Zimapan,” and announced the discovery of a new metal, 
erythronium. In the following year Berzelius’ professor, A. G. Ekeberg, 
analyzed some tantalite from Finland and found in it an element very similar to 
Hatchett’s columbium. Although Dr. Wollaston believed that columbium 
and tantalum are identical, Heinrich Rose and Marignac proved that they 
are two distinct elements. In 1831 Sefstrém found in some soft iron from 
Eckersholm a metal, vanadium, which Wohler proved to be identical with 


del Rio’s erythronium. 


It is impossible that he who has once imbibed a taste for 
science can ever abandon it (1). 


Columbium 


The element columbium (niobium) 
was discovered in 1801 by the English 
chemist, Charles Hatchett, who was 
born in about 1765. Asa young man 
in his thirties he was actively devoted 
to chemical research, and published 
in the Philosophical Transactions an 
analysis -of lead molybdate from 
Carinthia and the results of some ex- 
periments on shell and bone (2), and in 
Nicholson's Journal an analysis of an 
earth from New South Wales called 
“Sydneia, or Terra Australis’’ (31). 

The discovery on which his fame 
rests was announced before the Royal 





Edgar Fahs Smith Memorial Collection, 


Society on November 26, 1801, in a University of Pennsylvania 
paper entitled, ‘Analysis of a Mineral Cartes HaTCcHETT, 1765?-1847 
from North America containing a English chemist and manufacturer. 


Metal hitherto Unknown’”’ (3). This Discoverer of columbium. Most of his 
researches were in analytical and min- 


mineral, now known as columbite, is  ¢ralogical chemistry. 
a black rock found in New England, 
and the specimen Hatchett analyzed had an interesting history. 
* Illustrations by F. B. Dains, The University of Kansas, Lawrence, Kansas. 
863 





864 JOURNAL OF CHEMICAL EDUCATION May, 1932 

Governor John Winthrop the 
Younger (30), (46) used to take 
great pleasure in examining minerals, 
and his manner of collecting them is 
best described in the quaint words of 
an early American poet: 


Sometimes his wary steps, but 
wand'ring too, 

Would carry him the Chrystal 
Mountains to, 

Where Nature locks her Gems, 
each costly spark 

Mocking the Stars, spher'd in their 
Cloisters dark. 

Sometimes the Hough, anon the 
Gardners Spade 

He deigned to use, and tools of th’ 
Chymick trade (47). 


It was on one of these expeditions 
that he found in a spring near his 
home at New London, Connecticut, 
the rock fragment of columbite which 





From Waters’ ‘“‘A Sketch of the Life of John 
Winthrop the Younger”’ 








JoHN WINTHROP THE YOUNGER, 
1606-1676 


First governor of Connecticut. Al- 
chemist, manufacturing chemist, and 
physician. Discoverer of the mineral 
columbite from which Charles Hatchett 


he afterward sent to Sir Hans Sloane 
(1660-1753) in London, who placed 
it in the British Museum (4). The 
specimen had evidently remained in 
the museum for about a century 


later isolated the metal columbium. 
before Charles Hatchett arralyzed it. 


Since columbite is a very complex mineral indeed, containing columbic, 
tantalic, titanic, and tungstic acids, zirconia, thoria, ceria, and yttria, 
Hatchett must have possessed great analytical ability in order to discover 
in it the new element, columbium. Although the greatest chemists in 
Europe held for more than forty years the erroneous opinion that co- 
lumbium and tantalum are identical, Marignac and Heinrich Rose finally 
proved that they are two distinct elements. Hatchett was therefore 
correct in concluding that he had found a new metal in the American 
ore. 

It is to be regretted that a man of such great ability should have given 
up his scientific research early in life. Thomas Thomson said of him in 
1830, ‘... unfortunately this most amiable and accomplished man has 
been lost to science for more than a quarter of a century; the baneful 
effects of wealth, and the cares of a lucrative and extensive business having 
completely weaned him from scientific pursuits’ (5). In 1845 Berzelius, 
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writing to Wohler, ex- 
pressed a similar opinion: 
“On my previous visit 
here in Karlsbad,” said 
he, ‘I made the personal 
acquaintance of your 
king as Prince of Cum- 
berland. He asked me if 
I knew a number of 
English chemists, and 
upon my replying that 
Iknew Davy, Wollaston, 
Tennant, and Marcet, he 
shook his head and in- 
dicated that I had for- 
gotten the foremost one, 
namely, Hatchett. He 
seemed greatly pleased 
that I also knew him, 
however did not want 
to believe that he had 





given up chemistry and Sir Hans SLOANE, 1660-1753 
become a wagon-maker Founder of the British Museum. Physician, phar- 
as his father’s successor’’ macist, traveler, and collector of books, manuscripts, 


x ; coins, medals, gems, antiquities, and natural histor 
(6). Hatchett retired to specimens. * 7 . 


his estate at Roehamp- 
ton, near London, and died at Chelsea on February 10, 1847. 

He never succeeded in isolating columbium, and in fact the element 
eluded chemists for more than six decades. In 1864, however, C. W. 
Blomstrand reduced columbium chloride by heating it strongly in an 
atmosphere of hydrogen (48), and saw the shining steel-gray metal. 

In 1901 Henri Moissan pulverized some American columbite, mixed with 
it some sugar charcoal, compressed the mixture, and heated it from seven 
to eight minutes in his electric furnace, using a current of one thousand 
amperes under fifty volts. After volatilizing all the manganese and part 
of the iron and silicon, he obtained a melt containing columbium and 
tantalum combined with carbon. 

After preparing columbic acid by Marignac’s method, he mixed eighty- 
two parts of it with eighteen of sugar carbon, moistened the mixture 
slightly with turpentine, and pressed it into the form of a cylinder, which 
he heated in his electric furnace, using six hundred amperes under fifty 
volts. A violent reaction took place in accordance with the equation: 


Cb,0; + 5C = 2Cb + 5CO. 








xs. as 


Courtesy Fansteel Products Company, Inc. 





PHOTOMICROGRAPH OF COLUMBIUM 
Approximately 300 X 


After cooling the mixture out of contact with the nitrogen of the air, he 
found a well-fused ingot with a metallic fracture (49). Moissan’s co- 
lumbium contained a small amount of combined carbon, and was so inert 
and refractory that he believed the element to be a non-metal resembling 
boron and silicon. 

In 1904 Clarence W. Balke (7), (18), in his dissertation for the doctorate, 
determined the atomic weights of both columbium and tantalum, and two 
years later Werner von Bolton of the Siemens & Halske Company prepared 
a columbium regulus by an alumino-thermic method and purified it by 
repeated melting in a vacuum electric furnace (17), (18). For twenty-three 
years this little specimen in Germany continued to be the only piece of pure 
columbium in the world, but in May, 1929, Dr. Balke exhibited before the 
American Chemical Society some highly polished sheets and rods of this 
rare metal. Because of its extreme whiteness and the beautiful polish 
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Edgar F, Smith Memorial Collection, University of Pennsylvania 
AUTOGRAPH LETTER OF CHARLES HATCHETT 


William Thomas Brande (1788-1866), Davy’s successor at the Royal Institu- 
tion, was Charles Hatchett’s son-in-law. The English edition of Brande’s ““Manual 
of Chemistry” was dedicated to Hatchett. 


which it takes, there is every reason to believe that it will soon make its 
appearance in fashionable articles of jewelry (8). 


Tantalum 


Since minerals which contain columbium almost invariably contain 
also the closely related element, tantalum, it is small wonder that chemists 
at first confused the two elements. The discoverer of tantalum was the 






































Henri Morssan, 1852-1907 

Professor of Chemistry at the Ecole 
de Pharmacie and at the Sorbonne. 
The first to isolate fluorine and make a 
thorough study of its properties. With 
his electric furnace he prepared artificial 
diamonds and many rare metais. He 
brought about a revival of interest in 
inorganic chemical research. 
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Swedish chemist and mineralogist, Anders Gustaf Ekeberg. He was 
born at Stockholm on January ‘16, 1767, the son of Joseph Erik Ekeberg, 


a ship-builder in the service of the 
King. When he was ten years old he 
was sent to the school at Kalmar, and 
two years later he went to Séderokra, 
where he boarded at the home of the 
clergyman. It was there that he 
gained his first knowledge of Greek 
literature, a subject which gave him 
great pleasure throughout his life. 
When he was fourteen years old, he 
attended school at Westervik and at 
Carlscrona and was an apt scholar both 
in science and in art. 

He graduated from the University 
of Upsala in 1788, presenting a thesis 
on “Oils Extracted from Seeds,’’ and 
traveled, on salary, through Germany. 








Soon after his return to Upsala in 
1790 he wrote a beautiful poem on the 
peace recently concluded between 
Sweden and Russia. In 1794, after 
publishing his first contribution to 
chemistry, he began his teaching career 
at Upsala. 

Ekeberg suffered throughout his life 
from physical handicaps. A _ severe 
cold in childhood made him partially 
deaf for the rest of his life, and in 1801, 
when a flask exploded in his hand, he 
lost the sight of one eye (9). 

When he began to study chemis- 
try, he already had a broad cultural 
background. He soon became deeply 
interested in the marvelous minerals 








ANDERS GUSTAV EKEBERG 
1767-1813 


Swedish chemist, mineralogist, poet, 
and artist. Professor of Chemistry at 
Upsala when Berzelius was a student 
there. The discoverer of tantalum. 
He was one of the first chemists to 
investigate yttria. 
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to be found at Ytterby and Fahlun, and made excellent analyses of a 
number of them. In 1802 he analyzed a specimen of tantalite from 
Kimito, Finland, and another mineral, yttrotantalite, from Ytterby, and 
found that both contained a hitherto unknown metal. Because it had 
been such a tantalizing task to trace it down, Ekeberg named it tantalum 
32). 
. 1809 Dr. Wollaston analyzed both columbite and tantalite (10). 
His conclusion that columbium and tantalum are identical was accepted by 
chemists until 1846, when Heinrich Rose (a grandson of Valentine Rose the 
Elder and son of the Rose whom Klaproth educated) questioned it. Rose 
had made a thorough study of the 
columbites and tantalites from Amer- 
ica and from Bodenmais, Bavaria, and 
had extracted from them two acids 
which he called niobic (columbic) 
and pelopic acids. He found later, 
however; that the latter was not the 
acid of a new metal, as he had at first 
supposed, but that it contained nio- 
bium (columbium) in a lower state of 
oxidation. Rose stated that niobic and 
hyponiobic acids are both different 
from tantalic acid (11). 

Although columbic and tantalic acids 
are extremely difficult to separate, 
Marignac finally succeeded, not only Hemvrrca Rose, 1795-1864 
in separating them, but also in show- Ge ivti 
: ; J : rman analytical chemist and 
ing that columbium is both tri- and pharmacist. Son of Valentine Rose 
pentavalent, whereas tantalum always the Younger. His comparative study 

: of American columbite and Bavarian 
has a valence of five. The separation tantalite proved that columbium 
is based on the insolubility of potas- (niobium) and tantalum are two dis- 

é f ‘ , tinct metals. 
sium fluotantalate in comparison with 
potassium fluo-oxycolumbate (12), (20). In the United States the element 
discovered by Hatchett is known as columbium, but in Europe most chemists 
prefer to use the name niobium which Heinrich Rose gave it. 

Ekeberg’s later years were made less fruitful by continued illness. 
The few papers which he published contained the results of the analyses of 
minerals such as gadolinite, the topaz, and an ore of titanium. In his 
analysis of the mineral water of Medevi he was assisted by an obscure young 
student who was destined to bring great glory to the University of Upsala. 
The discovery of such a student as Berzelius was a far greater honor for 
Ekeberg than his disclosure of the rather rare element, tantalum. 

Berzelius warmly defended Ekeberg’s claim to the discovery of this 
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element. In the autumn of 1814 he wrote to Thomas Thomson objecting 
to an alteration which had been made in an English translation of one of 
his memoirs. Berzelius had used the word tantalum, and Thomson had 
evidently substituted the word columbium, whereupon Berzelius wrote, 
‘Without wishing to depreciate the merits of the celebrated Hatchett, 
it is nevertheless necessary to observe that tantalum and its properties in 
the metallic as well as in its oxidized condition were not known at all before 
Mr. Ekeberg.”’ 








































oxide and the columbium oxide prepared by Hatchett. 


Mr. Ekeberg received from a friend who had visited England [said 
he], a little portion of the columbic acid of Mr. Hatchett, and when the 
experiments of Mr. Wollaston came to his knowledge he examined 
that acid in a scrupulous manner. He recognized in it a large amount 
of tungstic acid which had given to the oxide its properties of reacting 
acid as well as those of combining with the alkalies and of coloring 
microcosmic salt. These observations of Mr. Ekeberg have gained 
still more weight by the discovery of a new fossil* that Mr. Gahn 
and I have just made near Fahlun, which fossil possesses the general 
properties of Mr. Hatchett’s columbite, and in the analysis of which 
we have found oxide of tantalum combined with tungstic acid..... 

Now, then [continued Berzelius], it is clear that the columbic acid 
of Mr. Hatchett, having been composed of oxide of tantalum and 
tungstic acid, which communicated to it a part of its specific properties, 
it is clear, I say, that Mr. Hatchett shares the discovery of tantalum 
in almost the same manner as MM. Fourcroy and Vauquelin share 
with Mr. Tennant the honor of having discovered osmium (‘“Thom- 
son’s System,” Ed. IV, Vol. 1, p. 200), and I suppose that you will 
not refuse to render the same justice to the work of the Swede Ekeberg 
that you have just rendered to the Englishman Tennant.** 

As for the name of the metal [said Berzelius], I do not think that the 
author of the discovery ought to count for much. For example you 
do not say menaccanite instead of titanium; moreover Mr. Hatchett 
gave this name after the place where it was thought the fossil had been 
found; now it is not good practice to name elementary substances in 
chemistry after the places where they have first been found; not to 
mention the fact that the place where columbite was found is still 
doubtful, in the same degree as it is not certain that it comes from 
America. The name tantalum having none of these inconveniences 
and involving a beautiful meaning of a few properties of this particular 
metallic body, I have felt compelled to choose it by preference. 
The reason for the name tantalum (derived from the story of Tantalus) 
is still more valid if one adds that metallic tantalum, reduced to the 
finest powder, is not attacked by any acid, not even by aqua regia, 
concentrated and boiling (13). 


* A tantalite from Broddbo. 
** See Part VIII of this series of articles. 
¢t See Part XI of this series of articles. 





Berzelius went on to explain the differences between Ekeberg’s tantalum | 
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In his reply to this letter 
on November 5, Thomson 
explained that he had known 
very little about Ekeberg’s 
experiments and that his only 
reason for changing Berzel- 
jus’ nomenclature had been 
to make the article more 
intelligible to English readers. 
He then added: 


I regret that it never 
has been in my power to 
make experiments on 
either of these substances 
(columbite or tantalite). 
Ekeberg supplied me 
with a good many speci- 
mens, but the ship con- 
taining them and all my 
Swedish collection, which 
I valued highly, was 





sunk in the Baltic, and Tuomas TuHomson, 1773-1852 
all my property lost. Scottish chemist and editor. The first distin- 
Your fact about the new guished advocate of Dalton’s atomic theory. 


mineral like collumbite Author of a two-volume “History of Chemistry” 
SAG int ti characterized by its scientific accuracy and beau- 

(sic) is very interesting. tiful literary style. 

I shall insert what you 

have told me in the next number of my journal. It is all unknown 


here (14). 
On March 29, 1815, Dr. Marcet wrote to Berzelius: 


.... Dr. Wollaston made some time ago in my presence a little 
experimental inquiry on wolfram and tantalite and columbite, by 
which it appeared that Hatchett’s columbite did not contain any 
tungsten, and that therefore he did not make the mistake you sus- 
pected he had made. If you are curious to have the details, I shall 
send them to you (15). 


After prolonged suffering with tuberculosis, Ekeberg died at Upsala on 
February 11, 1813, at the early age of forty-six years. In a letter to 
Dr. Marcet (16), Berzelius paid the following tribute to his gifted teacher: 
“Ekeberg has just died after a long, sad, hectic illness. He was one of 
the most lovable of men, he had sound knowledge, and an irresistible 
propensity for work. He was a good chemist and mineralogist, a happy 
poet and a very good artist.’”"* Ekeberg had a kind, friendly, merry spirit 


* “Ekeberg vient de mourir apres une maladie hectique longue et malheureuse. Cet 
homme était des plus aimables; il possédait des connaissances solides et un penchant irrésisti- 
ble pour le travail. Il était bon chimiste et minéralogue, heureux poéte et tres bon peintre.” 
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that frequently soared above poverty and suffering, and his love of litera. 
ture and art was a constant solace to him. 

Tantalum can be separated from columbium by recrystallization of the 
double potassium fluorides, 
In the commercial process 
the ore is fused with caus. 
tic soda. The insoluble 
sodium columbate, sodium 
tantalate, and iron tanta- 
late are filtered off from 
the soluble sodium salts, 
and the iron is removed 
by treatment with hydro- 
chloric acid. The colum- 
bic and tantalic acids are 
treated with hydrofluoric acid and enough potassium fluoride to convert 
the tantalum into the double fluoride, K,TaF;, which is then recrys- 
tallized from water containing a little hydrofluoric acid (7). 

After Werner von Bolton of Charlottenburg succeeded in 1903 in refining 
the metal, it soon acquired a limited use as filaments (34). It was found, 
moreover, that surgical and dental instruments made from it can be 
sterilized by heating or by immersion in acids without damage to the 
tantalum. Since, however, the price was almost prohibitive, Dr. Balke set 
to work in Chicago to make the metal on a commercial scale. Using as his 
raw material a rich tantalum ore from the desolate Pilbarra region of 
western Australia, he finally succeeded in February, 1922, in preparing a 
tantalum ingot which was passed repeatedly through a rolling mill to 
produce a flawless piece of sheet metal (8), (19). 

Tantalum is now made into spinnerets for the manufacture of rayon, 
into electrodes for the neon signs that 
give our Great White Ways a rud- 
dier light, and into fine jewelry with 
iridescent colors. Its most interesting 
use, however, depends on its peculiar 
electrochemical behavior caused by 
the insolubility of its oxide in acid 
solutions. When an alternating cur- 
rent is passed through a vessel con- 
taining sulfuric acid, a bar of lead 
and a bar of tantalum (or of colum- 
bium), it becomes a direct current (7), (19). Thus, because of the need 
for direct current in radio reception, Ekeberg’s tantalizing metal, in the 
form of radio rectifiers, “‘B’’ battery eliminators and trickle chargers, has 


— . 


Courlesy Fansteel Products Company, Inc. 





LABORATORY EQUIPMENT MADE FROM TANTALUM 





Courtesy Fansteel Products Company, Inc, 


TANTALUM FOR WATCH CASES 
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entered into the home life of thou- 
sands upon thousands of families. 


Vanadium 


In 1801, the year in which Hatchett 
discovered columbium, Andres Man- 
uel del Rio, a professor of mineralogy 
in Mexico, examined a specimen of 
brown lead from Zimapan and con- 
cluded that it contained a new metal 
similar to chromium and uranium. 
Very little has been written concern- 
ing the personal life of del Rio. He 
was born in Spain in about 1769, 
studied at Freiberg and at Schemnitz, 
and finally became a professor in the 
School of Mines (Collegio de Mineria) 
in Mexico City, where he taught for 
twenty-five years (1795-1820) (2), 
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new metal which, because of the red 
color that its salts acquire when 

heated, he named erythronium (44). OR saa spy be enpacer  pe Bop ve 
Upon further study, however, he de- tne Biowrprpe 

cided that he was mistaken, and that 

the brown lead from Zimapan was merely a basic lead chromate containing 
80.72% of lead oxide and 14.80% of chromic acid (12). His paper there- 
fore bore the modest title, ‘“Discovery of Chromium in the Brown Lead of 
Zimapan” (21). In 1805 Collet-Descotils confirmed del Rio’s analysis 
(22), and for twenty-five years no more was heard of the new element, 
erythronium. 

According to Poggendorff, del Rio left Mexico in 1820 because of a 
revolution there, and settled in Philadelphia. However, his paper (1) 
on the ‘‘Analysis of an Alloy of Gold and Rhodium from the Parting House 
at Mexico” was published in the Annals of Philosophy in October, 1825. 
The date of his death is not known with certainty, but Poggendorff states 
that he died before 1849. 

In 1831 the Swedish chemist, Nils Gabriel Sefstrém, discovered a new 
element in iron from the Taberg mine in Smaland. Sefstrém was born on 
June 2, 1787, at Ilsbo Socken, Norra Helsingland (2). He studied medicine, 
and received his medical degree at the age of twenty-six years. After 
four years of practice in a hospital, he became a professor of chemistry 
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and science at the Caroline Institute of Medicine and Surgery, and from 
1820 to 1839 he taught chemistry at the newly erected School of Mines at 
Stockholm (2). 

It was there that he made the remarkable discovery that Berzeliys 
described so charmingly to Wohler in his letter of January 22, 1831: 


In regard to the sample which I am sending with this, I want to tell 
the following anecdote: In the far north there lived in olden times 
the goddess Vanadis, beautiful and lovable. One day some one 
knocked at her door. The goddess remained comfortably seated and 
thought: let the person knock again; but there was no more knock- 
ing, and the one who had knocked went down the steps. The goddess 
was curious to see who it might be that was so indifferent to being 
admitted, sprang to the window, and looked at the one who was going 
away. Alas! she said to herself, that’s that 
fellow Wohler. Well, he surely deserved it; if 
he had been a little more concerned about it, he 
would have been admitted. The fellow does 
not look up to the window once in passing 


After a few days some one knocked again at 
the door; but this time the knocking continued. 
The goddess finally came herself and opened 
the door. Sefstrém entered, and from this union 
vanadium was born. That is the name of the 
new metal, whose former name suggesting Erian, 





NiL_s GABRIEL SEFSTROM 


1787-1845 


Swedish physician and 
chemist. Professor at the 
Caroline Institute of 
Medicine and Surgery 
and at the School of Mines 
in Stockholm. In 1831 
he discovered vanadium, 
an element that proved to 


meaning wool (whence Erianae was educated, 
since Minerva taught human beings to spin 
wool), has been rejected. The Herr Professor 
guessed correctly that the lead mineral from 
Zimapan contains vanadium and not chromium. 
Sefstrém himself proved with the little speci- 
men belonging to the professor that it is vana- 
dium oxide. 


be identical with del Rio’s 


“‘ooutiwentata.”’ Vanadium [continued Berzelius] is a thing 


which is very hard to find. It is related to 
everything with which it forms compounds in definite proportions, 
even with silica, so that only now have I been able to obtain it 
pure. In Sefstrém’s vanadium oxide which he brought with him 
are found phosphoric acid, silica, alumina, zirconia, and ferric 
oxide, of whose presence we had no suspicion, but which we, be- 
cause of ambiguous results, had to remove, one after another; so 
that in the three weeks which Sefstrém spent in working with me, 
we confined ourselves almost entirely to the task of finding these 
impurities and of thinking out ways of removing them. Sefstrém had 
to go home, but left me so much vanadium that I have been in no 
embarrassment over the continuance of the investigation. I shall 
send the Herr Professor some of it later, when I see about how much 
I can spare; but now in the midst of the research I need all I have 


(23). 
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Berzelius then consoled Wohler for his failure to discover vanadium, 
saying it required more real genius to synthesize urea than to discover ten 
new elements. ‘“‘I have mailed to Poggendorff,’’ he continued, ‘‘a little 
paper on vanadium by Sefstrém. I have also engaged Sefstrém to present 
it to the Academy so that his name alone may be linked with the discovery, 
which would not be the case if the first paper on it appeared under his and 
my name together. Thus it also becomes possible to announce the dis- 
covery sooner than if we had to wait for the conclusion of my research, 
which surely cannot be completed so quickly” (23). 

Two weeks later Wohler replied: 


A thousand thanks, dear professor, for your kind letter with the 
beautiful story about the goddess Vanadis, which gave me great 
pleasure, although, frankly, it vexed me a little, though only at first, 
to have made no visit to the beautiful one. Even if I had charmed her 
out of the lead mineral, I would have had only half the honor of dis- 
covery, because of the earlier results of del Rio on erythronium. But 
Sefstrém, because he succeeded by an entirely different method, keeps 
the honor unshared. As soon as I know the intimate relations of the 
metal, and you have sent me a little of it, I will analyze the lead 
mineral... . 

Anticipatory as it may seem [continued Wohler] yet, because of 
the slowness of the mails, it is time to ask whether, when I publish a 
notice of the mineral, I ought to give its earlier history, the supposed 
discovery by del Rio of a new metal in it, the refutation by Descotils? 
that Humboldt brought it with him, etc? I would not want in the 
least to take away from Sefstrém anything of his priority of discovery, 
especially since such indecision is repugnant in cases like this; on the 
other hand one must not expose one’s self to the charge by the public or 
especially by one’s opponents that one through partisanship concealed 
earlier claims. In any case Humboldt shall be named, since he alone 
brought it with him, and with that the rest seems unavoidably linked. 
Do not laugh at me because of my diplomatic question..... (23). 


The keenness of Wohler’s disappointment is more definitely expressed 
in his letter to Liebig of January 2, 1831, in which he writes: 


...at the moment I am interested only in the new Swedish metal, 
vanadium, discovered by Sefstrém, but really by Berzelius. Ich war 
ein Esel not to have discovered it before in the brown lead ore from 
Zimapan, Mexico. I was engaged in analyzing it and had already 
found in it something new when, in consequence of hydrogen fluoride 
vapor, I became sick for several months (24). 


For a description of Sefstrém’s method of isolating vanadium, it is 
necessary to quote again from the correspondence of Berzelius, this time 
from a letter to Dulong. On January 7, 1831, he wrote: 


I must tell you of the discovery of a new metallic substance, of 
which this letter contains some preparations. ... The discovery 
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TABERG, SMALAND, SWEDEN 


Sefstrém discovered vanadium in iron from the Taberg mine. 


was made by Mr. Sefstrém, director of the School of Mines at Fahlun, 
who, wishing to examine a kind of iron remarkable for its extreme 
softness, found in it, in extremely small quantity, a substance whose 
properties appear to differ from those of bodies hitherto known, but the 
quantity of which was so infinitely small that too much expense would 
have been necessary in order to extract enough of it to permit of 
closer examination. This iron was taken from the Taberg mine in 
SmAaland, which however contains only traces of the new body, but 
Mr. Sefstrém, having found that the cast iron contained more of it 
than the wrought iron, concluded that the scoria formed during the 
conversion of the cast iron to malleable iron ought to contain larger 
quantities of it. This proved to be true. Mr. Sefstrém extracted 
portions of it which sufficed for studying it, and during his Christmas 
vacation came to see me, to finish with me the study of ‘‘the stranger 
(nouveau débarqué)” (25). 


Sefstrém’s own account of the discovery is also of great interest. 


It is several years [said he], since Rinmann, the manager of the mine, 
in order to discover easily whether an iron was brittle, gave a method 
which depends on the circumstance that such an iron, when attacked 
by muriatic (hydrochloric) acid, gives a black powder. Having 
occasionally treated in this manner an iron which was not brittle, 
and finally some iron from Eckersholm, I was greatly surprised to 
recognize in the latter the reaction of a brittle iron, although the iron 
from Taberg passes for the most flexible and tenacious that we have. 
I did not then have the leisure to investigate the nature of the black 
powder; but in April, 1830, I resumed my experiments to see if it 
contained phosphorus or any other substance, which was for me not 
without importance. 
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From ‘The Life and Experiences of Sir H. E. Roscoe Written by Himself” 
THE ROSCOE LABORATORIES—QUANTITATIVE 


I dissolved a considerable quantity of iron in muriatic acid [con- 
tinued Sefstrém] and I noticed that, while it was dissolving, a few 
particles of iron, mainly those which deposit the black powder, dis- 
solved more rapidly than the others, in such a way that there remained 
hollow veins in the midst of the iron bar. Upon examining this 
black powder, I found silica, iron, alumina, lime, copper, and, among 
other things, uranium. I could not discover in what condition this 
substance was, because the small quantity of powder did not exceed 
two decigrams, and, moreover, more than half of it was silica. After 
several experiments I saw that it was not chromium, and the com- 
parative tests that I made proved to me that it certainly was not 
uranium. I had sought to compare the highest degrees of oxidation, 
but I must remark that vanadium is found partly in the lower degree 
(26). 


In one of his letters Berzelius mentioned to Wohler an unfortunate 
accident: ‘‘... As Sefstrém came home to Fahlun,’’ said he, “to take up 
there the study of the vanadium alloy, a student spilled about one lot 
(ten grams) of dissolved vanadium oxide in such a way that none of it 
could be saved. Now he has nothing with which he can work, and must 
repeat the entire preparation process on the slag’”’ (27). 

In May, 1830, a careful comparison of vanadium and uranium was made 
in Berzelius’ laboratory. It was found that vanadium forms two series 
of compounds, the vanadic and the vanadous, but Berzelius and Sefstrém 
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did not succeed in isolating the 
metal. Sefstrém died at Stockholm 
on November 30, 1845, at the age of 
fifty-eight years. 

Wohler’s researches (45) proved 
that he had been correct in believing 
that the ore del Rio had analyzed 
in 1801 really contained vanadium 
instead of chromium (26). This ( 
mineral is now known as vanadinite, 
PbCle-3Pb3(VO,)e. | 

The final step in the discovery of | 
vanadium was accomplished by the 
English chemist, Sir Henry Enfield 
Roscoe, who was born in London on 
January 7, 1833. When he was nine 
years old the family moved to Liver- 
Sir Epwarp(T. E.) THorpe, 1845-1925 pool. One of his first schoolmasters 

— Eyer Dano A tier reported that ‘‘Roscoe is a nice boy, 
regen doh to their chemical constitu. but he looks about him too much, 


tion, and for his work on the oxides of and does not know his irregular verbs”’ 
phosphorus and the compounds of va- 4 : 
nadium done in collaboration with Sir (36). His mother, who evidently 


Henry Roscoe. Author of excellent did not object seriously to this habit 
textbooks of chemistry and of biogra- i ; ri ‘ 
phies and essays in historical chemistry. Of “looking about, encouraged him 

to make chemical experiments at home 
and allowed him to transform one of the rooms into a laboratory. 

At the age of fifteen years the boy entered University College, London, 
where he studied under Thomas Graham and Alexander William William- 
son. After graduating in 1853 with honors in chemistry, he went to Heidel- 
berg to study quantitative analysis in the old monastery that had been 
transformed into a laboratory for Bunsen. After passing his doctor’s 
examination summa cum laude, he collaborated with Bunsen in the famous 
researches on the chemical action of light. In the course of their long 
friendship Roscoe received from the great German master one hundred 
twenty-six letters, which he carefully preserved and finally presented in 
bound form to the Bunsen-Gesellschaft (38). 

When only twenty-four years old, Roscoe succeeded Frankland as 
professor of chemistry at the University of Manchester. In the winter 
of 1862, when thousands of employees in the cotton-mills of Lancashire 
were thrown out of work because of the Civil War in America, Roscoe, 
in an effort to relieve the mental depression of the unemployed, instituted 
a series of popular ‘‘Science Lectures for the People.”” Roscoe, Tyndall, 
Huxley, and other noted scientists addressed large and appreciative audi- 
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ences each week for eleven consecu- 
tive winters, and the printed lectures 
were afterward sold for a penny all 
over the world (39). In his teaching 
Roscoe emphasized the need of liberal 
culture as a basis for technical train- 
ing (28). 

In about 1865 he found that some 
of the copper veins of the Lower 
Keuper Sandstone of the Trias in 
Cheshire contained vanadium (37) 
and that one of the lime precipitates 
from this ore contained about two 
per cent. of it. It was from this 
unpromising material that Roscoe and 
Sir Edward Thorpe laboriously pre- 
pared the pure vanadium compounds 
needed for a thorough study of the 
element. 

When Roscoe investigated these 
compounds he found that vanadium 
is a trivalent element of the phos- 
phorus group. He also discovered 
that what Berzelius had taken for the 
metal was really the mononitride, VN, 
and that most of the vanadium com- 
pounds studied by the Swedish chemists 
had contained oxygen. 
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CARL FRIEDRICH RAMMELSBERG 
1813-1899 


German chemist, mineralogist, and 
crystallographer who demonstrated the 
isomorphism of sulfur and selenium 
crystals obtained from carbon bisulfide 
solutions of these elements, and showed 
that the vanadates are isomorphous 
with the phosphates. He also deter- 
mined the crystal forms of many or- 
ganic compounds, and wrote textbooks 
on crystallography, metallurgy, and 
mineralogical and analytical chemistry. 


On August 26, 1867, Roscoe wrote to Thorpe saying, 


... 1 want you very much to stay with me till April to settle the 
vanadium and light matters and help me in London with my lec- 
tures... I have at last found out about vanadium. The acid is 
V.O; like P,O;. The chloride VOCI; like POCI; and the solid chlo- 
rides VOClk, VOCI, etc. This explains the isomorphism of the 
vanadate of lead and the corresponding paosphate and lots of other 
points. It becomes very interesting now... (40). 


On September 12 of the same year Roscoe wrote again to his assistant. 


Please ask Joseph [Heywood] to send me per book-post Pogg. 





Ann., vol. 98, in which volume is Rammelsberg’s paper on the iso- 
morphism of vanadates and phosphates. There isno doubt in my mind 
that vanadic acid is V2O;, and it will be exceedingly interesting to 
work out the vanadates which must all be explained as phosphates. 
The ordinary white NH; salt is NH,VO; (like NaPOs) and is a meta- 
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vanadate. The bi-vanadates can also be explained, but all need 
re-preparation and analysis. Did I tell you that we have now got 
V20s, V20u, V203, V20-2 (I wish we had V also!), V202Cle, V202Ch, 
V202Cl, or VOCIs, VOCl, VOCI. At St. Andrews I saw Professor 
Heddle; he has a crystal half apatite and half vanadinite, and he 
threw out the suggestion long ago that vanadic acid is V20s. . . (40). 


Five days later he sent Thorpe a detailed report of his experiments on 
the oxides of vanadium and said in conclusion, ‘“‘The thing above all others 
necessary for us now is to get the metal’’ (40). 

Roscoe’s first paper on the subject was the Bakerian Lecture read before 
the Royal Society on December 19, 1867. On February 14, 1868, with 
Sir Edward Thorpe as his assistant, he gave a demonstration lecture at the 
Royal Institution in which he proved that the lemon-colored chloride to 
which Berzelius had assigned the formula VCl; actually contains oxygen. 
When the audience saw him pass the vapor from a few grams of this 
chloride, together with pure hydrogen gas, over red-hot carbon, and 
watched him test the resulting gas for carbon dioxide by passing it into 
clear baryta water, it was convinced that Berzelius’ formula must be 
incorrect. Roscoe proved by analysis that the lemon-colored chloride is 
an oxychloride now known as vanadyl chloride, VOCI; (12), (29). 

When he began his researches on vanadium, its compounds were listed 
at £35 per ounce, and the metal itself was unknown. After all attempts at 
direct reduction of the oxides had failed, Roscoe attempted to reduce 
vanadium dichloride, VChk, with hydrogen. Rigorous exclusion of oxygen 
and moisture was necessary, and, since vanadium metal reacts violently 
with glass and porcelain, the chloride was placed in platinum boats inside 
a porcelain tube: The tube itself could not be made of platinum because 
of the porosity of that metal at red heat. 

When he heated the tube, hydrochloric acid gas came off in ‘‘torrents,”’ 
and continued to be evolved in decreasing quantity for from forty to eighty 
hours. When it finally ceased to come off, the tube was cooled and the 
boat was found to contain ‘‘a light whitish grey-colored powder, perfectly 
free from chlorine.’’ When Roscoe examined this powder under the 
microscope, he found that it reflected light powerfully and that it consisted 
of ‘‘a brilliant shining crystalline metallic mass possessing a bright silver- 
white lustre.’’ Roscoe’s paper announcing the isolation of metallic va- 
nadium was read before the Royal Society on June 16, 1869 (32). 

While studying at Heidelberg, Sir Edward Thorpe read in a French 
periodical on popular science that the Copley Medal had been awarded to 
Sir Henry E. Roscoe. His letter of congratulation brought the following 


reply: 


In the first place let me thank you for your letter and congratula- 
tions upon the great Frefich discovery! Many of these Parisian 
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wonders have after all 
turned out myths—and 
this last is, I believe, 
no exception—the ex- 
pression “‘Medaille de 
Copley” is, so far as I 
am aware, the French 
(and bad French, too!) 
for the ‘‘Bakerian Lec- 
ture.” I am, how- 
ever, none the less 
obliged to you for your 
good wishes on this oc- 
casion, and for all the 
valuable help which in 
many ways you gave 
me (41). 





Roscoe’s textbooks of 
chemistry were unusually 
successful, passed through 
edition after edition, and 
were translated into Rus- 
sian, Italian, Hungarian, rom Thorpe's “The Right Honourable Sir net 
Polish, Swedish, modern Sir HENRY ENFIELD ROSCOE, 1833-1915 


Greek, Japanese, Urdu, Professor of Chemistry at the University of Man- 


Icelandic, Bengali, Turkish, chester. Collaborator with Bunsen in researches in 
Malavalam. and Tamil photochemistry. Author of excellent textbooks and 
y * treatises on pure and applied chemistry. 


His autobiography (42) was 
written with great charm, and the ‘“Treatise on Chemistry” by Roscoe and 
Schorlemmer is familiar to all chemists. 

Sir Henry’s last years were spent on his beautiful estate at Woodcote in 
southern England. Here Lady Roscoe took endless pleasure in the 
cultivation of flowers and flowering shrubs and in entertaining her hus- 
band’s distinguished guests. “‘My father,” said Miss Roscoe, “delighted 
to bring foreigners, and the more heterogeneous they were the more he 
was pleased. I remember one luncheon party of late years, consisting 
of a Chinaman, a Japanese, a Czech, a German, and our three selves, 
and the Occidentals were much the quietest of the party” (43). 

After enjoying a serene old age, Sir Henry E. Roscoe died suddenly on 
December 18, 1915, during an attack of angina pectoris. 

In 1927 J. W. Marden and M. N. Rich of the research staff of the West- 
inghouse Lamp Company obtained metallic vanadium 99.9% pure by 
heating a mixture of vanadic oxide, metallic calcium, and calcium chloride 
in an electric furnace for an hour at a temperature of about 1400° Fahren- 
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heit. When the resulting mass was cooled and stirred into cold water, 
beads of pure metallic vanadium separated out (35). 

The principal use of this metal is for removing air bubbles from steel in 
order to prevent the formation of blow-holes in the finished castings. The 
vanadium combines with both the oxygen and nitrogen of the bubbles, 
forming oxides and nitrides that float with the slag and are skimmed off. 
The small amount of vanadium, ranging from 0.05 to 0.5%, remaining in 
the steel profoundly alters its properties, greatly increasing its toughness, 
elasticity, and tensile strength. Thus the metal that Sefstrém and Berzelius 
named for the ancient Swedish goddess of beauty has come to play an impor- 
tant utilitarian réle in the construction of locomotive frames, driving 
axles, and large shaftings for electrical machinery. 
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VOCATIONAL GUIDANCE IN CHEMISTRY* 


MartTIN V. McGiix;** Lorain HicH ScHooi, Lorain, OHIO 


In some mysterious manner, many so-called new ideas have a way of 
creeping upon an unsuspecting public, although investigation may reveal 
that they are deeply rooted. Vocational guidance is one of the latest to 
thrust itself upon the American educational system. 

Vocational guidance was launched about twenty-five years ago by a 
lecture by Professor Frank Parsons of Boston on “The Ideal City.” 
This lecture brought a request for him to address the graduating class of 
an evening high school on “The Choice of a Vocation.” Many inter- 
views followed and in January, 1908, the Boston Vocation Bureau was 
organized. To Dr. Parsons also goes the distinction of being author in 
1909 of the first book—‘‘Choosing a Vocation’’—on the subject. The first 
Conference on Vocational Guidance was called in Boston in 1910 by 
Superintendent Brooks of the Boston Public Schools. New York soon 
followed in this work and was host to the second Conference on Vocational 
Guidance in 1912. In 1918 we find pre-vocational and continuation schools 
in existence and a long list of books and magazine articles on vocational 
guidance. By 1931 twenty-four national organizations were interested 
in a national vocational guidance program. The American Chemical 
Society was not among them. 

In the words of the Committee on Revision of the Principles of Voca- 
tional Guidance, 


Vocational guidance is the giving of information, advice, and 
experience which will assist the individual in choosing an occupa- 
tion, preparing for it, entering, and progressing in it. As prepara- 
tion for an occupation involves decisions in the choice of studies, 
choice of curricula, and the choice of schools and colleges, it becomes 
evident that educational guidance must be considered equally with 
vocational guidance. 


This committee seems safe and sane in outlining four principles which 
must underlie the successful development of vocational guidance: 


Recognition of individual differences. 

An appreciation of the complexity of modern occupational life. 
The acknowledgment of the right of the individual to make 
his own choices. 

The realization that the adjustment of an individual to his 
occupation is an ever-changing situation. 


PR 


Prior to 1877, there is little evidence that chemistry was recognized 
as a definite vocation, and so we find ourselves in a unique position, in 


* Paper read before the Division of Chemical Education at the Buffalo meeting of 


the A. C. S., September, 1931. 
** Chairman, Committee on Vocational Guidance, Division of Chemical Education. 
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that we can claim chemistry as one of the oldest branches of the sciences 
and yet one of the youngest of the professions. 

A review of the literature has revealed practically nothing on ‘‘Chemistry 
as a Profession’’ prior to 1920. ‘“‘Chemical Engineering as a Profession” 
made its appearance about 1924. 

A careful examination of the references to chemistry listed in the peri- 
odical reference guides reveals only about two dozen articles during the 
past four years which definitely concern chemistry or chemical engineering 
as a profession. It is interesting to note that our own JOURNAL OF CHEMI- 
CAL EpucaTION has published a large proportion of these articles. 

Needless to say there has been little vocational guidance as such in 
chemistry, although guidance-minded teachers have exerted and always 
will exert a most valuable service in this field to the relatively few indi- 
viduals who come under their supervision. 

During the past year, in the course of a Sunday afternoon radio talk to 
young people, Dr. Daniel A. Poling, President of the Christian Endeavor 
Society, referred to information supplied by the American Chemical 
Society on ‘Chemistry as a Profession.’’ Over thirty requests for this 
literature reached the secretary of the Society. It turned out that an 
article in the JOURNAL OF CHEMICAL EpucaTION by Professor Alexander 
Silverman had been referred to. Through the kindness of the author, 
reprints were furnished. These letters included requests for specific 
information which, so far as I have been able to discover, is still generally 
unavailable. Yet these very questions must arise in the mind of any 
person interested in chemistry as a career. 

The average book on ‘‘vocations’”’ devotes small space to the subject of 
chemistry and its conventional statements are so hackneyed and un- 
inspiring as to be of little real value. One book, however, deserves special 
mention. It is “Careers,’’ published during 1931 by the Institute for 
Research. It contains twenty pages on chemistry and chemical engi- 
neering. Guidance counselors are also impressed with the worth of 
science histories and biographies. 

Far-reaching social, industrial, economic, and educational adjustments 
in American and world life are under way. It would be a waste of time 
even to summarize the conditions of the last ten years which have brought 
us face to face with the necessity for establishing a rational plan of guid- 
ance. A program of vocational guidance which embodies educational 
guidance is inevitable. 

As members of the American Chemical Society, we have at our command 
the facts regarding chemistry as a profession which should be made 
available to the youth of today. We are under obligation to give facts, 
not theories; actual requisites, not generalities. The challenge of a 
sensible program of vocational guidance in chemistry is before us. 
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THE AIMS OF A COLLEGE COURSE IN SCIENCE 


ArtuHuR A. BLESS, UNIVERSITY OF FLORIDA, GAINESVILLE, FLORIDA 


The effectiveness of our teaching depends to a great extent on how clear to us 
are the objectives of a given course. The aims of a college course in science are 
here discussed from the educational standpoint and some general suggestions 
are made as to how these aims may be attained. 


What is it that we wish to accomplish in a course in science? This ques- 
tion is as old as teaching itself, and will probably never be answered to the 
satisfaction of everybody. It is perhaps as well. A question settled once 
for all and for everybody, is most likely dead and uninteresting. The 
problems involved in the teaching of a subject can never be that. Not only 
the importance of the problem, but, it is hoped, the interest of the teachers, 
and their individual differences will prevent the complete solution of the 
problem, and will keep it alive. 

Even though the problem cannot conveniently be settled there is never- 
theless a need for every teacher to make clear for himself what it is that he 
wishes to accomplish with his teaching, and how he can best do it. IfI 
were very bold, I would even suggest that this problem be reviewed every 
year, for time does bring about changes. It would be a great pity if the 
opinion of the teacher, in certain particulars at least, is not changed from 
year to year. The following pages contain some reflections on this subject. 
These reflections are general enough so that they may fit more than one 
individual, and they are specific enough to contain some suggestions, which 
may be of value to the teacher. 

The obvious answer that presents itself to the above query is the teaching 
of the principles and the laws of nature. However, this answer is somehow 
far from being satisfactory. This answer assumes that all we need in our 
teaching is to impart a certain amount of information. It is possible to 
see the utilitarian value of such a procedure in the case of the very few who 
follow the elementary course in physics or chemistry with more detailed 
studies of the subject, or in the case of an engineer whose aim is definitely to 
apply the principles of these sciences to his problems. But it is difficult 
to see how students not in the above-mentioned classes would benefit from 
such a course. Information does not, as a rule, stay very long with one. 
The knowledge of physics or chemistry, acquired by a student, falls off ex- 
ponentially with time, and very little is left even before he is through with 
formal studies. If one gets nothing but information out of a course in 
science it is doubtful if the time is very profitably spent. Even in the case 
of the engineer and the future specialist it is difficult to see how one could 
afford to give them information and nothing else, for we are quite definite 
in our condemnation of the trade-school idea—of preparing the student for 
the first job that he is likely to have at the end of his training. 
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This brings up the question—What is it that we wish to accomplish 
with any course in the college or high-school curriculum? After all, 
sciences are only a part of a certain training, and unless we know what the 
training is for, we would hardly be able to adjust our teaching of a subject 
so that it bears some important and proper relation to the whole. College 
education is not acquired by taking a certain number of subjects. If we 
are in sympathy with college education, the subject we teach must bear a 
certain definite relation to the whole, and should not be something inci- 
dental or apart from the general scheme of college training. 

The question now is even harder—What is it that we wish to accomplish 

with the college training? Here we are treading on dangerous ground. 
Although some of the scientists in ‘‘Who’s Who’”’ are classed as educators, 
this classification would be strongly resented by our friends in the field of 
education. They may grant us the right to call ourselves “‘scientists,” 
but hardly can we assume the title of “‘educator,’’ and who but an educator 
is in a position to answer what college education is for? There is a tendency 
among members of the education fraternity to view with disfavor the 
opinions of ‘‘laymen,’’ who are trespassing on what they believe to be 
their territory. Dr. R. A. Millikan was recently criticized by a member of 
a college of education for voicing an opinion concerning the qualifications 
of a teacher. Dr. Millikan, it appears, was speaking out of his field. It 
is therefore at the risk of incurring the displeasure of “‘professional educa- 
tors’’ that I am voicing the opinions below. My only defense and justifica- 
tion is that, however little they may be worth, these opinions are my own 
and I need them in order to discharge my duties to the best of my abilities. 
Another risk of giving an opinion about the aim of college education is the 
danger of stating a platitude; but most truths are platitudes, so this danger 
cannot serve as a deterrent. 

Recently, a dean of a college collected a number of opinions of his faculty 
concerning the aims of a college education. These opinions give one a very 
good idea of the heterogeneity of our ideas about college training. There 
were about twenty different aims listed. However, while the diversity is 
gratifying some answers deserve condemnation. One statement in par- 
ticular arouses my antagonism. I am all the more bitterly opposed to it 
since most of the students share the belief. The opinion that arouses my 
ire is that college education has for its purpose the training of the individual 
for getting a good job. This opinion is not only shared by students but 
by many faculty members as well. Very often the courses are so modified 
as to meet the future demands of the job for which the student is getting 
ready. This modification is often made so specific as to remind one of the 
trade-school training in plumbing and allied subjects. I can imagine no 
idea which seems to me more opposed to the principle of a liberal educa- 
tion than this one. Moreover, it is an extremely selfish idea. If this were 
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so, then education could be classed as a huge graft or racket, or whatever 
they call these activities in Chicago. If I were to go to a state treasurer 
and ask him for a gift of, say, two thousand dollars because this gift would 
enable me to get a better job, or to open a bigger and better store, I would 
be most certainly, and very properly, kicked out of the office. But when 
a student comes to a state university and gets two thousand dollars worth 
of training for the purpose of enabling him to get a better job, or to make 
a better living as a doctor, lawyer, dentist, or whatnot, this is called educa- 
tion. I fail to see how society is in greater need of lawyers, doctors, and 
dentists, than of plumbers, mechanics, and barbers. I can see no reason 
why some professions should be subsidized and others should not. What- 
ever the aim of college education may be, it certainly is not to provide one 
with a job. 

Much has been written concerning the objectives of college education, 
and the opinions apparently are divergent; at least on the surface. It 
seems, however, that most that has been said may be boiled down to the 
following simple terms: College education has for its aim the development of 
the intellectual faculties, the understanding of the civilization of the day, and a 
training which would enable one to contribute to this civilization. 

A training of this kind would enable one to talk to the sages of the day, 
which is Ruskin’s definition of education; it would enable one properly to 
appraise the condition in which he finds himself, and show the proper re- 
actions, which was President Thwing’s criterion. Such a training would 
give one a fuller, richer, and more significant life, which is the objective of 
education, according to so many educators. 

If our teaching of sciences is to be successful, it must contribute to the 
intellectual development of the students, it must give them a better under- 
standing of the life in which we live, and it must contribute to the moral 
and intellectual qualities which lead to creative efforts. 

The study of physics and chemistry lends itself very readily to intellec- 
tual development. We contribute to this objective easily enough through 
the problems that we assign, and through the proof of the theorems that we 
require. These means are helpful to sharpen the brain of the individual 
student and to develop his capacity for logical thinking. The information 
we give concerning physics and chemistry must be supplemented by the 
application of the laws of natural philosophy to the development of our 
civilization. Such a procedure would contribute to the student’s under- 
standing of the life we lead, and to his better appreciation of the subject. 

I would like to stress particularly the fact that when we are teaching a 
subject we must show it in relation to other branches of human activities. 
The experimental college at Wisconsin, whatever our opinion may be con- 
cerning its efficiency, had at least one right idea, namely, that to understand 
it properly a civilization should he studied in all its ramifications, and in all 
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its aspects. To study the laws of natural philosophy without pointing out 
the part the application of these laws has played in the history of mankind 
would be doing an injustice to the subject, and to the student. Recently, 
the Forum had a series of articles by prominent social leaders concerning the 
twelve most important dates in the history of mankind. While some of 
the dates given by these eminent men seemed all-important to me, others 
were not very significant. It would be fair, I believe, to devote at least 
half a dozen of them to the discoveries of chemical and physical principles, 
One of the philosophers gave a number of dates coinciding with the promul- 
gation of important philosophical doctrines. I am very much in doubt 
whether a given philosophy ever plays an important part unless the life 
and habits of the society make the acceptance of these ideas possible. It 
is a true saying that a good Jaw is merely a record of the definite needs of 
society. It is equally true that a philosophy is a record of inarticulate 
yearnings of the people of the day. These yearnings, however, are 
greatly influenced by the manner in which people live, and this, in turn, is 
profoundly influenced by the application of the natural laws. 

To give the proper perspective to the relationships existing between our 
physical principles and the life we lead is without a doubt an important 
part of the study of physics and chemistry. To teach sciences by merely 
assigning certain pages and certain chapters every day is very inadequate. 
It would be best, and more in keeping with our problem of education if we 
omitted many topics, concentrating our attention on the important ones 
and spent some time in showing the relation and application of these prin- 
ciples to our every-day life and to the development of our ideas. 

The most difficult, though the most important, task that we are facing 
is how to teach our subject so as to contribute to the capacity of the student 
for creative efforts, for the ultimate test of college training is not how much 
the student receives while in college, but how much he gives later on. The 
extent to which the graduates contribute to the intellectual and social 
progress of the age is a true measure of the value of the training a college 
gives. The qualities needed for such activities are, I think, the same as the 
qualities needed for a research worker, and which have been very clearly 
and concisely stated by A. W. Hull recently at a meeting of the A. A. P. T. 
He considered the following qualities to be essential for a man engaged in 
research: character, conscious ignorance, active curiosity, and a retiring 
disposition. Properly interpreted, these cover the ground pretty thor- 
oughly. A proper mental and moral attitude toward society and its prob- 
lems, an open-minded and courageous willingness to follow truth wherever 
it may lead, a humbleness of mind in the presence of unsolved mysteries, 
an eagerness for unraveling the unknown, a frame of mind which regards 
the task on hand not merely as means to an end but as the very aim of life, 
this is the foundation on which creative efforts rest. 
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The modern American college has a number of extra-curricular agencies, 
which aim to promote the moral and social welfare of the student. How- 
ever, the contact of the student with his professor is often so intimate 
that the influence of the teacher is likely to outweigh the combined influence 
of all the extra-curricular agencies and activities. The inspiration which 
this contact with the teacher brings is of extreme importance to the de- 
velopment of the student. That is where the personality of the teacher 
plays such an important part. We must recognize the fact, however, that 
no teacher will inspire a student unless he himself is inspired, and the 
teacher cannot stimulate the student to creative effort unless he himself 
is so stimulated. Herein lies for teaching the great value of research on 
the part of the faculty, for nothing is so refreshing and stimulating as crea- 


‘tive efforts, whatever their form may be. 


However, besides the more or less indirect influence of the personality 
of the teacher on the student, the manner of presentation of our subject is 
very often capable of affecting the students. One of the most important 
duties of the teacher is to convey the spirit of the science, its methods and 
manners, and its intense aliveness. The student must be made to realize 
that there are a great number of things in nature, which though very simple 
are not yet perfectly understood or definitely solved, and the solution of 
which is awaited eagerly by many because of the importance to mankind 
of the solution of the problem. It would be a great pity if the student 
taking the first course in chemistry or physics is left under the impression 
that the textbook covers all that is to be known about the subject. Above 
all, we must make them realize the fact that there is a game called, ‘‘finding 
the truth,” the playing of which brings its own rewards without regard to 
other possible compensations; that our whole civilization rests largely on 
the foundation which the seekers of truth have established through their 
playing this game, as the history of science shows. 





CHEMICAL ENGINEERING ON THE COOPERATIVE PLAN AT 
NORTHEASTERN UNIVERSITY 


C. P. BAKER AND W. C. WHITE, NORTHEASTERN UNIVERSITY, BOSTON, MASSACHUSETTS 


Education for the field of chemical engineering is enhanced by a codperative 
plan in which the theory and practice of the profession are effectively coédrdi- 
nated. Such a program in chemical engineering has been in effect continu- 
ously at Northeastern University since 1909. In the course of this twenty- 
two-year period the School of Engineering has evolved a highly developed guid- 
ance plan for integrating its scholastic work with the engineering practice 
provided the students in the plants of approximately 250 companies in New 
England and vicinity. When ai work students are paid on the same basis 
as other employees which enables them to contribute in large measure to their 
own college expenses. Although this financial advantage is far from negli- 
gible, yet the paramount value of the plan is its capacity for training prospective 
chemical engineers in job wisdom and social understanding. 


The chemical engineer has been described as ‘‘a professional man experi- 
enced in the design, construction, and operation of plants in which ma- 
terials undergo chemical and physical change.’ It is the function of the 
chemical engineer to make commercially useful the results of chemical 
research. He develops step by step processes for large-scale production; 
he selects necessary operating equipment, or designs new equipment if this 
is required; he supervises the erection of new plants and solves construc- 
tion problems peculiar to the chemical industry. After the completion of 
the plant the chemical engineer must be continually on the alert to improve 
methods of production, to better the quality of his products, and to reduce 
operating costs to a minimum. In periods of economic depression the re- 
sponsibilities of the chemical engineer become increasingly arduous and 
important in view of the keen competition that exists between competing 
plants. 

In the light of these considerations, it is obvious that preparation for the 
chemical engineering profession should include considerable experience 
under operating conditions as well as a study of the theoretical principles 
involved. The curriculum in chemical engineering at Northeastern Uni- 
versity is designed to fulfil both of these requirements for it is planned on 
a coéperative basis which enables each student to lay a sound foundation 
in both the theory and the practice of his profession. 

In common with other engineering curricula at Northeastern, the cur- 
riculum in chemical engineering is five years in length, comprising one year 
of full-time study and orientation and four years of coéperative training. 
The present technic of codrdinating classroom instruction and actual engi- 
neering practice has evolved in the course of the past twenty years during 
which the university has been committed to the codperative plan. The 
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School of Engineering was apparently the first to introduce this type of 
education to New England, three years after Dean Herman Schneider had 
instituted the pioneer codperative school in the United States at the Uni- 
versity of Cincinnati. From a small beginning in 1909 Northeastern has 
grown to be one of the largest codperative institutions in the country, en- 
rolling over 1600 students and codperating with over 250 industries in New 
England and adjacent territory. 

The chemical engineering curriculum was one of the first to be established 
at Northeastern. It does not differ in any essential way from that of other 
engineering schools except that in addition to his scholastic training each 
student spends 98 weeks at supervised coédperative work as part of his 
program for the degree of Bachelor of Science in Chemical Engineering. 
The scholastic work includes the usual instruction in the fundamental sci- 
ences of chemistry, physics, and mathematics, in the elements of mechani- 
cal and electrical engineering, and in the basic chemical engineering unit 
operations such as heating, evaporating, filtering, distilling, crushing, 
drying, etc. How this instruction is integrated with the engineering prac- 
tice assignments perhaps can best be explained by describing briefly the 
guidance program in effect at Northeastern. 

At the time of his matriculation each freshman is assigned to a personal 
adviser, a member of the faculty, who serves as an interested and friendly 
counselor during the perplexing period of transition from school to college. 
A personal record card is prepared for each student, containing certain 
pertinent data from his preparatory school record, the report of his physical 
examination at Northeastern, his score on various psychological tests, the 
results of placement examinations, and any special notes which may be of 
significance in advisory work. ‘The aim of the freshman advisory system is 
primarily to assist students in making an effective start upon their pro- 
grams and secondarily to acquire for the later use of guidance officers a fund 
of significant information relative to every freshman. Advisory work is 
under the direction of a Dean of Students, assisted by a full-time clinical 
psychologist who handles the diagnosis and remedial treatment of problem 
cases. 

In the course of the freshman year, the student is interviewed periodically 
by his coérdinator, a member of the chemical engineering department who 
is responsible for establishing and maintaining codperative relationships 
with appropriate industrial organizations. The advantages and disad- 
vantages of different jobs are considered frankly; the requirements of one 
type of work are contrasted with those of another; and the student’s 
questions are answered as far as possible by the coérdinator. Sometimes 
these questions cannot be answered with exactness; but in every case the 
best available information is given so that the student may at least analyze 
his own problem in the light of the facts which are known to affect it. The 
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purpose of these interviews is to determine the type of chemical engineer- 
ing activity toward which the student should aim. 

At the beginning of the sophomore year the student commences his co- 
operative training. He is paired with another student of approximately 
similar abilities and interests who becomes his alternate. Together these 
men agree to cover the industrial assignment throughout the period of one 
year, alternating between the school and the job at five-week intervals, one 
student always being at work when his alternate is at school or on vaca- 
tion. 

Students are placed on the basis of individual aptitudes and general 
fitness for the job involved, always with the purpose of providing the boys 
with vocational experience that will be of definite value to them. These 
coéperative assignments are in every case actual jobs. The nature of the 
work includes the routine operation of machines, supervisory duties, labo- 
ratory activities, and research work. The students hold these jobs on the 
same basis as other employees and with no special privileges other than the 
privilege of alternating on the five-week plan. The training of every co- 
operative student is carefully planned so that it will be of maximum educa- 
tional advantage to the boy. In many instances, sequentially arranged 
training courses have been established so that students codperate over a 
period of three or four years with the same company. In smaller organiza- 
tions, which cannot offer such varied training programs, students are placed 
for shorter periods. In this way they obtain occupational tryouts that 
coérdinate well with their academic programs and fit them either for pro- 
motion to positions of responsibility with the same organization or for 
different work with other companies. 

Typical of the many different jobs upon which the boys are engaged are 
these: 


1. Sampling, physical testing, and chemical analysis for process con- 
trol and process improvement. 

2. Factory work in several departments with a final year in the labo- 

ratory or on control and development work. 

Scheduling materials and equipment. 

Testing of new designs of equipment. 

Appliance testing for efficiency and check on underwriters’ specifica- 

tions. 

6. Smoke inspection and elimination. 

7. Boiler water treatment and control. 

8. Fire insurance inspection. 


™ 9° 


or 


In general, second- and third-year students are placed upon the routine 
and manual labor assignments while fourth- and fifth-year men are assigned 
to the more advanced jobs which call for greater technical skill and training. 
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The range of industries with which coéperation is in effect includes a 
great variety of chemical engineering fields. Approximately 45 per cent. 
of all the jobs held by codperative students are in the production depart- 
ments of manufacturing plants. The chemical engineering department 
feels that plant practice is of fundamental importance in the training of 
chemical engineers and consequently places much emphasis upon this phase 
of codperative work. It is planned that every student shall have at least 
one year of this type of experience. 

Other fields of coéperative work are metallurgical engineering, public 
utilities, chemical research, engineering service, and sales engineering. 
Figure 1 shows the distribution of chemical engineering coéperative stu- 
dents among these several fields of work. 


Chemical Research and Control Production and Development 
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Metallurgical Engineering Rubber Cements 
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DISTRIBUTION OF CHEMICAL ENGINEERING STUDENTS OF NORTHEASTERN UNIVERSITY 
AMONG COOPERATING INDUSTRIES 


Each employer is regularly visited so that he may report upon the stu- 
dent’s progress and so that necessary adjustments, transfers, or promotions 
may be made. It is intended that the codperative training shall be as 
thorough and complete as the academic work. Thus the plant experience 
ranges from the handling of the raw materials to the shipment of the fin- 
ished product and provides an opportunity to acquire a knowledge of execu- 
tive duties as well as a facility in the use of equipment. At the end of 
every five-week period employers return report cards to the Department 
of Codperative Work indicating the progress of each student in their em- 
ploy. In addition the students prepare codperative work reports dealing 
with various phases of their industrial experience. 

During the following school period the coérdinator discusses with his 
students their reports and the employers’ ratings, the aim being always to 
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stimulate in the students a thoughtful and investigative attitude toward 
their working environment. Problems which arise at work are talked over 
with a view to developing the student’s sense of values and his personality 
as well as to advancing his immediate status on the job. Attitudes and 
modes of conduct which are most conducive to vocational success are 
discussed. 

To further promote an understanding of their responsibilities as future 
chemical engineers the students are organized as a Chapter of the North- 
eastern Section of the American Chemical Society. During school periods 
this group meets regularly under the supervision of a coérdinator. The 
members elect a chairman and secretary and in the course of a year every 
student prepares a paper bearing upon some phase of his working environ- 
ment, which he presents to his classmates for consideration. Discussion 
leaders, who have had previous opportunity to study the problem which is 
presented, comment upon the talk and open up the moot points for general 
consideration. It is not infrequent to find 100 per cent. student participa- 
tion in the vigorous discussions which develop over controversial questions. 
The codrdinator does not direct the procedure; his function is rather to 
remain in the background as an interested observer, whose advice is avail- 
able when it is desired. When the faculty member does participate it is 
primarily to guide discussion into those channels which are likely to prove 
most profitable or to emphasize some point of particular importance. 
Evening meetings are held from time to time at which prominent chemical 
engineers address the students on recent developments in various phases 
of chemical engineering. 

Chemical engineering students at Northeastern thus acquire in the course 
of their five-year programs not only a substantial technical education, but 
also a keen appreciation of the realities of chemical engineering practice. 
Coéperative students are paid on the same basis as other employees; their 
salaries are based upon the nature of the work involved and the hours of 
labor. 

The coéperative plan of education is sometimes looked upon primarily 
as an economic expedient designed to accommodate young men whose 
financial limitations would not otherwise permit their continuance in a 
program of formal education. Such a view of the plan is incomplete and 
therefore erroneous. As a matter of fact, although most coéperative insti- 
tutions in the field of higher education regard this monetary advantage as a 
valuable concomitant of the scheme, nevertheless, they consider other of 
its aspects to be of much more fundamental importance. 

Specifically—the fact that a boy is enabled to earn a substantial portion 
of his college expenses may contribute in a very helpful way to the solution 
of his temporary financial problems; but the fact that a boy is enabled to 
acquire, while he is still in school, a first-hand acquaintance with the actual 








932 


ard 
ver 
ity 
nd 
ire 


ire 
h- 
ds 








Vou. 9, No.5 CHEMICAL ENGINEERING ON COOPERATIVE PLAN 899 


operating conditions of the profession for which he is preparing is of far 
greater significance to his permanent welfare. 

To sum up, the codperative plan at Northeastern endeavors to correlate 
professional theory and practice in the training of chemical engineering 
students. Chemical engineering industries in New England have coéper- 
ated substantially in carrying out this educational program and the results 
have been gratifying. The boy who is under the twin disciplines of study 
and work is ever on the alert for new ways of doing things. What is more, 
he learns through rubbing elbows with his fellow workers that all the wis- 
dom in the world is not contained between the covers of college textbooks; 
and he acquires that most important attribute which cannot be taught in 
the classroom—the ability to get along with people in different walks of 
life. 

The coédperative plan would seem to be particularly adapted to the field 
of chemical engineering and management for it emphasizes in a unique 
manner the paramount importance of human relationships and paves the 
way for successful careers. 








A PLAN FOR INTRODUCING BIOGRAPHICAL MATERIAL INTO 
SCIENCE COURSES 


J. H. Sammis, PeortrA CENTRAL H1IGH SCHOOL, PEORIA, ILLINOIS 


An insight into the lives of great scientists should be of benefit to students of 
science. The following article tells how the teaching of biographical and his- 
torical material has been done by the chemistry department at Peoria Central 
High School, and something of the success of such work. 


History instructors and historians have long realized that pupils and 
readers are more readily attracted to the subject of history when it is taught 
or presented as a more or less connected series of biographies of the histori- 
cally great than when offered as a pageant of events and their causes. Popu- 
larizers of science have also realized the interest-catching value of biographi- 
cal material and have made extensive use of the lives of such scientific giants 
as Pasteur, Priestley, and Lavoisier and some of the more recent names such 
as Steinmetz and Einstein. The writers of chemistry texts have sensed 
this need for a historical background and now practically all elementary 
chemistry texts have a certain amount of material and pictures concerning 
the scientific leaders in the various branches of the science taken up in the 
book. 

With all this evidence to show the need and demand for historical and 
biographical information are the science students in secondary schools 
and even freshman college and university courses getting any noticeable 
quantity of such instruction? We think not. The author can remember 
several courses in chemistry and physics where all material relating to the 
lives of the men responsible for the work being studied was omitted, in some 
instances even ignored; there wasn’t time for that sort of thing ‘‘with all 
the technical treatises yet to be covered.”” Since courses in the history of 
science are practically unheard of in high schools and rare in colleges and 
none too well attended in many universities, another explanation for omit- 
ting biographical material is possible. 

In spite of the fact that we full well realized that there are a stupendous 
number of fundamentals to be covered in a one hundred eighty-day school 
year, we of the chemistry department at Peoria Central High School 
started several years ago a yearly program of five-minute talks on the lives 
of great chemists and a few eminent physicists. These talks are given by 
the students, each one choosing one name from a list of about thirty-five. 
In a class of twenty-eight this allows the unfortunate individual to whom 
last choice is allotted an opportunity to make a selection from eight names. 
These names (scientists) are listed on a large chart and accompanying each 
name is the date on which the talk is to be presented. In addition there are 
six more blank spaces, following the names, representing six classes in chem- 
istry, where the pupil may sign his name to show that he has chosen a 
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particular scientist about whom he will speak on the given date. After all 
the pupils of all six classes have made their selections the chart is posted as 
a reminder both to the pupils and the instructors. 

Much to our surprise, a minimum time requirement of five minutes 
proved to be not nearly so necessary as a maximum limit of ten niinutes. 
Some pupils asked for permission to talk a second time on one of the names 
left over on the chart. These talks were distributed so that an average of 
two a week occurred for about four months and to a limited degree followed 
both the chronological order and the textbook order of presentation, start- 
ing with Paracelsus and Galileo and ending with Baekeland and Langmuir. 
The relative success of talks, student interest, and the availability of ma- 
terial have necessitated yearly changes in the make-up of our list of scien- 
tists. Galileo, Priestley, Lavoisier, Berzelius, Wohler, Sir Humphry Davy, 
Victor Meyer, Ostwald, and Arrhenius are favorites, while Benjamin Silli- 
man, Robert Hare, and Count Rumford meet with less approval. 

The author has compiled a loose-leaf notebook containing references to 
the lives of all the men we have s udied. These references include histories 
of chemistry, popularized biographies, journals, and magazines. Any new 
references found either by pupil or instructor are promptly added. This 
book, kept where all may reach it, is constantly consulted. 

While each pupil is presenting his talk the other members of the class are 
instructed to keep notes of sufficient completeness that they may be able 
to write a one-thousand-word theme at the close of the “‘biography course”’ 
on “Outstanding Characteristics of Eminent Scientists of All Times.”’ 
The pupils, too, are directed to evaluate each talk on a basis of presenta- 
tion, interest, and completeness and to keep a record of those evaluations. 
At the end of the course each pupil is allowed to vote to determine who in 
their estimation gave the best talk in their class. Six prizes, one to a class, 
and usually in the form of books on science, are then presented. 

In keeping with the historical and biographical spirit we have purchased 
and framed, so far, eighteen portraits of men included on our list. Each 
year we add to that number and, incidentally, each year it becomes increas- 
ingly more difficult to obtain good reproductions. A set of slides supple- 
ments this work. Some easily obtainable moving picture films depicting 
high lights in the lives of some of the great men of science would be capital 
for this sort of instruction but at present the writer knows of no such films 
unless one on the life of Edison be considered. 

We who are presenting this work feel that we have been justified and 
amply rewarded for our efforts. The enthusiasm for such work was far 
in excess of what we originally anticipated, the prizes were not so much 
coveted as the honor, and alumni of recent origin tell us voluntarily that they 
enjoyed the talks, think they benefited by having heard them, and express 
regret that something similar isn’t done at the institutions they are attending. 
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For those pupils who do not plan to go on in scientific pursuits, probably 
the most valuable thing to be gained from a course in science is an under- 
standing and appreciation of the scientific attitude and method. A study 
of the lives of scientists, sketchy though it be, surely must help fix in the 
minds of young students the desirability of following scientific methods and 
an admiration for that quality in men which makes them overcome great 
obstacles, withstand personal hardships, ignore social prestige, and some- 
times forsake wealth in the persistence of their search for the truth. 


New Method May Make Ramie Cheaply Available. A new cellulose industry for 
America seems to be a step nearer reality following the development in laboratories 
at Louisiana State University of a method of treating ramie to obtain from it longer and 
stronger fibers than are now available from cotton, flax, or hemp. The work is being 
carried on by Dr. P. M. Horton of Louisiana State University, and G. L. Carter of 
the University of Virginia, and was reported by Mr. Carter to the American Chemical 
Society recently meeting in New Orleans. 

The unusual durability and strength of ramie have been known to the world since 
ancient Egyptians used it for wrapping those mummies which have been best preserved 
for modern examination. But the only processes that have ever been available for 
separating the useful fiber from the worthless parts of the stalk are slow and expensive 
and are carried out entirely by hand labor. 

By chemical means of digestion and bleaching Dr. Horton and Mr. Carter report 
that they have separated the fiber from its closely clinging bark and have given it a clean 
white color with practically no loss of strength. 

There remains, it was pointed out, the separation of the fiber and bark from the 
interior pulp and woody tissue. In the laboratory this was easily accomplished by hand. 
The development of a machine for this simplified operation is not expected to be difficult. 
The many machines of the past, all of which have been failures, have attempted to sepa- 
rate the fiber from both the outer bark and the inner wood and pulp. 

If the laboratory method of separating the fiber from the bark, which has been 
developed at Louisiana State University, can be applied commercially, chemists agree 
that one of the greatest difficulties preventing the extensive use of ramie in industry 
will be overcome. 

“A weak solution of ammonium hydroxide and sodium sulfite was found to success- 
fully debark the fiber without injuring it,’ Mr. Carter said. ‘‘The remaining gums can 
be removed by digestion in a neutral soap solution. Bleaching of the degummed fiber 
can be accomplished by means of sodium hypochlorite. This operation is delicate and 
care must be taken to prevent injury to the fiber such as loss of strength, brittleness, or 
loss of luster.”’ 

Ramie is now used to a limited extent to strengthen paper and for the manufacture 
of special textiles. The fiber comes from China, where it is processed by hand. Its 
unusual strength and length of fiber would give it many more uses if it could be produced 
cheaply enough. Research has proved that it will grow successfully in the far southern 
states, providing two or three crops a year. Its yield of cellulose is several times that of 
cotton.— Science Service 
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ACCURACY OF CERTAIN PHYSICO-CHEMICAL EXPERIMENTS 


RICHARD J. DEGRAy, LEHIGH UNIVERSITY, BETHLEHEM, PENNSYLVANIA 


The theory of errors has been applied to a series of student determinations 
of molecular weights by freezing-point, boiling-point, and Victor Meyer meth- 
ods. The data were found to follow the theoretical distribution curve at least 
approximately. The presence of impurities in the reagents was detected and 
the concentration thereof calculated successfully from this theory. A system of 
grading, based on the distribution law, is suggested. The relative accuracies 
of these three methods are calculated. 


A group of students handling special apparatus for the first time cannot 
be expected to obtain results of an accuracy comparable to that truly in- 
herent in the method used. A course in this physical chemistry laboratory 
has as a primary object the instruction of the student in using such appa- 
ratus and methods and not the determination to the second decimal place, 
for instance, of the molecular weight of naphthalene. Sloppy and careless 
work should not be condoned on the above principle, however, and excep- 
tional work should not lack proper reward. The questions thus arise: 
‘How inaccurate is ‘sloppy’ work, and how close are ‘exceptional’ results?” 
and “What mark should be given to intermediate qualities of work?” 

To answer these questions a record was kept of all results obtained in this 
laboratory during the second semester of the scholastic year 1930-31. 
The results capable of analysis were obtained from experiments for which 
the true values were known, and the best of these were the molecular-weight 
determinations. In this laboratory course the molecular weight of naphtha- 
lene is determined by using the Beckmann freezing-point apparatus and 
the old style Beckmann boiling-point apparatus; and the molecular weight 
of chloroform is determined by the Victor Meyer method. Each pair of 
students makes several determinations in each experiment. The eighty- 
odd results from each method were analyzed. 

Since the true value was known, necessarily, all data sheets were initialed 
by the instructor before the men left the laboratory, and the calculations 
were checked both for accuracy and to insure that the data as taken were 
used. The results thus obtained should be a fair sample of the work to 
be expected from a student manipulating a piece of apparatus for almost 
the first time in his life. The naphthalene used had been recrystallized 
from alcohol. The benzene was of c.P. variety, stated to be free from 
thiophene and CS,. The chloroform also was c.P. 

The results were analyzed by the standard methods of theory of errors, 
the values calculated being the average, E, and r. The average is the 
arithmetical mean, E is the mean error, or the square root of the sum of the 
squares of the errors, and 7 is the probable error—that is, between 7 and 
the average there is a probability of '/2 that an error will occur. The 
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theoretical distribution of errors was computed also, and was found to ap. 
proximate the actual values, but the calculated distribution had a larger 
“‘spread,”’ so these results will not be given. The following table gives the 
results of these calculations: 


Experiment No. of Results Average E r 
Victor Meyer 83 120.40 3.74 2.51 
Boiling-Point 68 126.87 9.12 6.51 
Freezing-Point 93 127.55 3.96 2.67 


The accuracy of a method may be judged by the value of r. Thus for 
the boiling-point method, only one-half of the results will be closer than 
+ 6.5 units, or + 5.1%, whereas one-half of the values obtained by the 
freezing-point method will be within 2.67 units, or + 2.1%. The corre- 
sponding figures for the Victor Meyer method are + 2.51, and + 2.1%, 

That the boiling-point method is not as accurate as is the freezing-point 
method is well known, but the comparative accuracies obtained with the 
freezing-point and Victor Meyer methods are surprising. 

Before proceeding to further discussion of accuracy, let us define certain 
terms—not necessarily as standard diction, but merely for the purposes of 
this paper. It has been stated that the true values of the molecular weights 
were known. We can see, however, that the presence of impurities or 
other disturbing factors may warp the apparent molecular weight, so that 
even if the experiment were absolutely accurate the result would not check 
with the true value. The accuracy of the experimental method should be 
judged by comparison with this second quantity, which we shall call the 
“correct result” and not with the first quantity, which we have called the 
“true value.’”” The two quantities are identical when all impurities and 
other disturbing factors are removed. 

According to the theory of errors, the mean error of the average, E,, gives 
a measure of the accuracy of the average of all determinations of a quan- 
tity. Since we know the true values, the actual errors may be computed 
also: 


Experiment True Value Average Actual Error Eo 
Victor Meyer 119.39 120.40 1.01 0.41 
Boiling- Point 128.11 126.87 1.24 E11 
Freezing-Point 128.11 127.55 0.56 0.41 


E,, the calculated error of the average, and the actual error do not check. 
The actual error depends upon the true value, and £, on the correct result. 
The discrepancy may be due to the difference between these two quantities, 
caused by impurities as mentioned above. Thus the boiling-point and 
freezing-point methods used exactly the same benzene and naphthalene, and 
the difference between the actual error and the calculated error is 0.13 in 
one case and 0.15 in the other. The discrepancy, therefore, is constant, 
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and is the difference between the true value and the correct result. This 
enables us to calculate the correct result for these experiments as 128.11 
— 0.14 (Av.), or 127.97. 

This discrepancy might be caused by a departure from the theory of 
errors. To ignore this and blame the presence of impurities may be made 
to seem even more reasonable by calculating the concentration of the sup- 
posed contamination. Thus since the naphthalene was recrystallized from 
alcohol it was believed to be the higher grade reagent, and the benzene was 
considered as containing the impurities. Toluene being the chief impurity 
of commercial benzene, the concentration of toluene necessary to warp the 
molecular weight and latent heats of benzene sufficiently to give a result 
of 127.97 for the molecular weight of naphthalene was calculated and found 
to be only 0.0097 mole per 1000 g. of benzene or 1.4 weight-per cent. of 
toluene. This is not unreasonable. 

For the Victor Meyer method the correct result may be calculated to be 
120.40 — 0.41, or 119.99. The difference between this value and the true 
value, or 119.39, is 0.60 unit or 0.5%. This may be caused either by im- 
purities or by imperfections of the gas laws, or both, so no calculations of 
percentage purity were made. The imperfections of the gas laws can 
account for at least some of the 0.5%. 

That the methods of the theory of errors may be applied correctly to such 
data as these seems to be demonstrated amply. Grades on experimental 
work, therefore, may be based on such calculations with justice. Thus, 
since one-half of the results fall between 7 and the correct result, one-half 
of the class should obtain results of a better accuracy than 7. In other 
words, 7 should be the limit of error of the fiftieth percentile of the class. 
This percentile usually corresponds to a grade of 75 when 60 is passing. 
Hence a man turning in a result obtained by the boiling-point method which 
is + 5% from the average should receive a grade of 75, and those nearer 
proportionately higher marks. To receive a mark of 75 on the experimental 
work of the freezing-point determination, however, the result would have 
to come within + 2% of the average. Similarly, a passing grade of 60 
corresponds to the 20th percentile. The maximum acceptable error would 
be that of a probability of 0.80: this may be found in error tables to be 
1.9r. Thus a man would be required to repeat the boiling-point experi- 
ment if his results were in error by more than 5.1 X 1.9, or 9.7%. 

The term “‘error’’ really refers to the departure of a value from the 
average of all values. To follow the above scheme of grading would neces- 
sitate averaging all the results of the year before grading any individual. 
Such a procedure is out of the question. The difference between the aver- 
age and the true value should not be much if pure chemicals are used, so 
the error may be considered the departure from the true value; not from 
the correct result. With this understood, we may tabulate the error in 
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per cent. which will receive a grade of 75 and the error which will receive a 
failure and command to repeat for the three experiments considered: 


Experiment Maximum Allowable Error Probable Error 
Victor Meyer 4.0% 2.1% 
Boiling-Point 9.7 §.1 
Freezing-Point 4.0 2:1 


Before these calculations were made the acceptable errors for these 
experiments were those given by Findlay (1) which are 


Victor Meyer 5% 
Boiling-Point 0% 
Freezing-Point 3-5% 


These are general and elastic limits. To calculate the limit for the appa- 
ratus and materials used in this particular laboratory is certainly better from 
both the instructor’s and the students’ viewpoints. As the data are com- 
piled grades for other experiments will be calculated in the same manner. 

This method of grading may be applied wherever quantitative experi- 
ments are made, and need not be limited to physical chemistry. 


Literature Cited 
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Company, New York City, 1926, pp. 47, 120, 126. 
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THE ADSORPTION ISOTHERM? 


SauL CaspPE, 260 WEstT 73RD STREET, NEw York City 


Charcoal in commerce 1s not a chemically pure form of carbon. Its impurt- 
ties effect many side reactions and cause phenomena not attributable to pure 
charcoal. 

The errors inherent in the adsorption isotherm experiment performed in 
colleges are pointed out, and it is shown that these errors tend to disprove the hy- 
pothesis (which the experiment is designed to prove) that charcoal absorbs acids. 


The word charcoal, used alone, implies an allotropic form of carbon. In 
commercial practice, it is used to designate one of the most impure products. 
Even though commercial charcoal is neither a single nor unvarying set of 
substances, producers of it furnish merely a trade name or a prefixed 
“animal,”’ “‘bone,’’ “blood,” ‘‘purified,’’ but never a complete analysis of 
their products. Has a chemist the right to accept ‘‘bona fide” the extra- 
ordinary qualities of a charcoal? Noyes (1) has already called the atten- 
tion of chemists to the necessity of purifiying charcoal before using it for 
the purification of organic compounds. Can one imagine the chagrin an 
investigator experiences when, in place of purifying a biochemical substance 
by charcoal filtration, he finds his sensitive product destroyed by some 
impurity, such as iron, contained therein. Truly he seldom thinks of 
charcoal as anything but a purifier and general benefactor of his product, 
and therefore hesitates to blame it for the damage. Iron, however, is not 
the only impurity of charcoals; animal and bone chars contain calcium 
and magnesium phosphates, and here we meet a case where the impurity 
constitutes the greater portion (2) of these active adsorbing mixtures. It is 
even to be deduced that some properties attributable to charcoal might be 
explained on the basis of these impurities. 

In filtering a dilute sulfuric acid solution of an amino acid through a bed 
of bone black, we observed the formation of crystals which proved, upon 
analysis, to be calcium sulfate. The calcium sulfate must have been formed 
from the reaction between the sulfuric acid and the calcium phosphate of our 
bone black. From this observation, it dawned upon the writer that the 
adsorption of acids, such as acetic and oxalic, by charcoal was open to 
direct experimental rebuttal. ‘“The Absorption Isotherm’’ constitutes an 
experiment to be found in Findlay’s (3) and other standard textbooks on 
physical chemistry. 

In these college experiments the students shake a weighed grade of 
animal or bone charcoal with dilute solutions of acetic or oxalic acid of 
known strength for a definite period of time. At the end of this period, 
the charcoal is filtered off, and the acidity is titrated using phenolphthalein 
as an indicator. A decrease in total acidity is found and is explained by 
assuming that some acid must have been adsorbed by the charcoal. The 

907 











908 JOURNAL OF CHEMICAL EDUCATION May, 1932 





amount adsorbed is dignifed by the mathematical expression X/m = ac'/™ 
where X/m represents the amount adsorbed per unit weight of charcoal, ¢ 
represents the equilibrium concentration, and a and m are constants, 
Mathematics, however, does not indicate the correctness of the fundamental 
hypothesis: that in this case we have an adsorption. Are we dealing here 
with an adsorption phenomena? 

In order to fathom this tantalizing problem, experiments were designed, 
The basis for these experiments was predicated upon the fact that mag- 
nesium and calcium phosphates react with dilute acid as follows: 


Mg;(PO,)s a 6HC:;H;0, = 3Mg(C:H;02)2 + 2H3PO, 


We see in the above reaction that phosphoric acid replaces acetic acid and 
that it is a stoichiometrical change. If we should titrate the total acidity 
of the acetic acid used in dissolving Mg;(PO,)2, and then titrate the H;P0, 
stoichiometrically produced by this reaction, we should find in the latter case 
a titer of ?/; that of the former (the end-point for phosphoric acid titration, 
using phenolphthalein as indicator, is noticed when two of the three hydro- 
gens contained in the molecule are replaced). Stoichiometrically speaking 
there is no reduction in total acidity, but titrametrically there is. The 
question then arises—does not this reaction occur in charcoal where, as we 
have pointed out, several phosphate impurities exist? If this reaction does 
occur in charcoal, then it would follow that what one considers adsorption is 
merely a change in titrametric acidity. 

With these notions to the.foreground the experiment was pursued. 
The ashes of several charcoals were determined and all were found to be 
above 65%. The ashes were tinted pink, faint brown, or faint blue depend- 
ing on their source. They were completely soluble in either strong hydro- 
chloric acid or concentrated nitric acid. It would then be essential to 
purify a charcoal and experimentally determine whether the purified prod- 
uct still manifested acid-adsorbing properties. By treating charcoal with 
hydrochloric acid, filtering, and washing thoroughly with water to free it 
from acid, and then with alcohol and ether to dry it, a charcoal was ob- 
tained which contained 5 to 10% ash. The acid treatment evidently re- 
moved most of the readily soluble portions of the ash. By refluxing the 
charcoal with hydrochloric acid for a long time, a purer grade can be ob- 
tained. 

Weighed samples of charcoal (65% ash) and purified charcoal (10% ash) 
were treated respectively with 100 cc. N/20 acetic acid and were shaken for 
twenty minutes. They were then filtered and the filtrates titrated. There 
was a reduction of 35 to 40% in the total acidity after treatment with 
charcoal (65% ash) but, in contrast, there was no reduction after treatment 
with purified charcoal. It was interesting to note that the solution of the 
reduced acidity gave a pronounced qualitative test for phosphates while the 
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one of the unreduced acidity gave none. In view of the fact that a question 
might be raised whether the purified charcoal was changed or perhaps in- 
activated by the hydrochloric acid treatment, color adsorption tests were 
run upon both samples. One gram of charcoal (65% ash) was taken in 
comparison with 0.38 gram of charcoal (10% ash). These quantities were 
used to insure the same amount of absolute charcoal in each, namely, 0.35 
gram. The purified charcoal adsorbed the color from 20 cc. of a saturated 
picric acid solution diluted thirty-two times while charcoal (65% ash) 
failed to give complete color adsorption of 10 cc. of the same picric acid 
solution. The greater surface of the charcoal exposed in the purified 
charcoal was perhaps the reason for the greater color adsorption efficiency. 
This experiment tends to prove that the color adsorption properties (on the 
basis of the absolute carbon content of the charcoals) are enhanced in the 
purified charcoal, and that color adsorption is a particular charcoal phe- 
nomena. It becomes apparent that acid adsorption by charcoal, as usually 
determined, is no adsorption. 

In order finally to clinch the point, the natural alkalinity of the charcoal 
and the phosphoric acid formed by the treatment with N/20 acetic acid 
were determined, and the two determinations practically accounted for 
what has previously been considered the adsorption of acids by charcoal. 

On the basis of the evidence furnished, it appears that the so-called 
adsorption of acids by charcoal is the antithesis of adsorption and, in 
reality, merely the effect of impurities upon the acid. The results of this 
experiment lead one to recommend the replacement of “The Adsorption 
Isotherm” experiment found in textbooks by an actual color-adsorption 
experiment which illustrates a distinct property of charcoal. 


The author appreciates the courtesy of Dr. Horatio S. Krans of the 
American University Union and Dr. Francis Perrin of the University of 
Paris for the privilege afforded him in permitting the pursuit of this work at 
the University of Paris. 
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THE USE OF UNKNOWNS IN TEACHING ORGANIC CHEMISTRY 


LEONE OysTER, RIPON COLLEGE, RIPON, WISCONSIN 


A method for increasing the interest and value of the preliminary laboratory 
work in organic chemistry by the use of unknowns to be identified by their 
melting points, or boiling points, is suggested. Unknowns are suggested for 
the qualitative analysis of organic compounds, and an unknown alcohol may be 
identified by making the methyl ester of 3,5-dinitrobenzoic acid. Compounds 
suitable for unknowns are given. 


The usual laboratory work for the student beginning organic chemistry 
seems designed to kill all interest in the course before it is well started. In 
the first few weeks the emphasis is decidedly on technic, and it will be an 
exceptional student, indeed, who can get much thrill.out.of the calibration 
of a thermometer, the determination of boiling points, melting points, and 
the qualitative tests for carbon, hydrogen, nitrogen, halogens, sulfur, and 
phosphorus. I always feel obliged to explain that organic chemistry is not 
all like this, and if the students will be patient for a few weeks while they are 
acquiring the fundamental and necessary technic, very soon they will be 
making interesting preparations. 

The treadmill monotony of these operations may be broken to some ex- 
tent by the use of unknowns. The only reference to the use of unknowns 
in the laboratory manuals listed at the end of this article is given by 
Williams and Brewster (1). The authors recommend that after making a 
melting-point determination with a known substance, the student obtain an 
unknown from the instructor, the unknown substance being one of eight 
substances whose melting points are given in the experiment, ranging from 
115 to 168 degrees Centigrade. After the determination of the melting 
point, the student is to mix some of the unknown substance with some of 
the compound thought to be identical with it, and determine the melting of 
the mixture. 

The same procedure may be applied to the determination of boiling 
points. After calibrating the thermometer by noting the boiling points of 
water, ethylene dibromide, aad nitrobenzene, and making corrections for 
barometric pressure, and the exposed thread of mercury, as given by H. 
Fisher (2), the student is given an unknown liquid which is one of the 
compounds listed with their boiling points on the bulletin board. After 
the determination cf the boiling point, and making the corrections, he 
identifies his liquid. If an air condenser is to be used in the determination 
of the boiling point, this is plainly indicated on the label of the unknown. 
The following compounds are suggested for unknowns: ethyl alcohol, n- 
propyl alcohol, isopropyl alcohol, toluene, isoamyl alcohol, ethylene di- 
bromide, chlorobenzene, bromobenzene, aniline, nitrobenzene, and quino- 
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After the qualitative analysis of a known sample for carbon, hydrogen, 
nitrogen, halogens, sulfur, and phosphorus, according to the directions 
given in (3), (4), (5), (6), (7), (8), (9), (10), or (11), an unknown solid is given 
to the student. The unknown sample may be a compound containing any 
combination of two or more of the above elements. Some compounds use- 
ful as unknowns are: acetanilide, bromoaniline, benzoic acid, m-bromo- 
benzoic acid, casein, and thiocarbanilide. In this unknown the student 
makes no effort to identify the compound given him, but reports the ele- 
ments found, and is graded on this. 

In the laboratory manuals of Fisher (12) and Jones (13) a method is 
given for identifying methyl alcohol by making the methyl ester of 3,5- 
dinitrobenzoic acid, and determining its melting point. Fisher gives the 
melting points of the ethyl, propyl, and isopropyl esters. An unknown 
alcohol (any of the above) is given to the student, who coaverts it to the 
ester of 3,5-dinitrobenzoic acid, purifies it by recrystallization, and after 
drying it, determines its melting point, and from this identifies the alcohol. 

The objection may be made that doing unknowns requires time, but the 
extra practice which the student gets in doing the unknown after doing the 
known amply compensates for the small amount of time consumed. 

The advantages of the system are given below. 

1. It gives an immediate practical value to the experiment that the 
beginner often misses. Without the unknown in view, he does the technic 
experiinents because he is required to, not because he understands why they 
are necessary, or how they are applied to a practical problem. 

2. It improves technic, and lessens careless manipulation. If a careless 
student has to determine the melting and boiling points of certain known 
compounds only, he does the experiment hastily, heedlessly, and notes down 
the correct results regardless of whether they were the results actually 
obtained. Using mixtures for the determination of melting points, as 
suggested by Adkins and McElvain (14) and Adams and Johnson (15), 
does not entirely prevent this as it is easy enough for the careless student to 
compare notes with a conscientious neighbor as to the melting of the differ- 
ent mixtures. To be successful in determining the unknown, careful 
technic is needed, and the student cannot be sure he will be successful with 
it, unless he has first succeeded with the known. 

3. It gives the instructor a good standard for grading. The success of a 
student in doing an unknown is a definite, and fair means of measuring his 
technical ability, and his understanding of the experiment. 
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AN EXPERIMENT IN LABORATORY TECHNIC 


Henry J. Lonc, GREENVILLE COLLEGE, GREENVILLE, ILLINOIS 


The desk is considered as a laboratory home for which the student is respon- 
sible. Each student is given a ‘‘laboratory technic’ grade figuring as one-tenth 
of his final grade. Corrections in technic call for 5% deductions. Faulty 
technic includes working on another's desk without permission, contaminating 
reagents, leaving any working space untidy, any unnecessary carelessness, etc. 


If worries really caused gray hairs many a chemistry professor would 
show hoary locks long before his time. The average student's slipshod at- 
titude and practice in caring for his desk and laboratory is enough to make 
decrepit old men out of novices over night. 

Perhaps in the most of our laboratories the majority of chemistry stu- 
dents are often guilty of the worst breaches of good technic. And, in 
addition, many of them are perfect alibi artists. If two students occupy 
the same locker and apparatus is left scattered in a slipshod manner 
throughout the entire desk then the partner gets the blame. If equipment 
is left in the hood and the janitor removes it as directed, then the plea is 
made that some one has gone into the desk and stolen some articles. If 
the table top is found dirty then some one else has been working on his 
desk space. If the balance is out of adjustment another person has been 
using it. Personal apparatus such as stirring rods, pipets, and platinum 
wires are dipped directly into the reagent bottles. Some one gives the floor 
and perhaps his neighbor an alkaline shower by trying to pour sodium 
hydroxide flakes from a bottle with a two-inch neck into a half-inch test 
tube. Another lays the sulfuric acid stopper on the desk, or, if more con- 
venient, on his fellow student’s book. Another well-nigh chokes the entire 
class by preparing chlorine without taking the trouble to make use of the 
hood. Still another turns all the city pressure on his water condenser and 
sprinkles water about as effectively as the average small-town fire depart- 
ment. 

What chemistry teacher is there who has not seen the most of these things 
and many more happen repeatedly until he is almost driven to distraction? 
The one who has not may now cast the first stone. If one could be assured 
that the students would recover from such a malady by the end of the 
freshman year perhaps a spark of hope could be kept alive in the professor’s 
breast. But it sometimes seems that with age and experience some stu- 
dents become more proficient in doing these things. The increased knowl- 
edge appears to catalyze the growth of freedom and independence. 

Perhaps the educators would say that it is making use of the wrong moti- 
vating factors, but we have concluded that a student’s grades are among 
the most effective stimulants to cause him to perform unpleasant tasks. 
A small minority will respond to an appeal to their honor but nearly all 
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can be moved on the basis of grades. That which a person will half do, 
or evade doing entirely under ordinary circumstances, he will often do well 
if he knows there is to be a reckoning day. With this idea in mind, at 
Greenville College we have been working for the last two years on a project 
of keeping our desks, which we consider as our laboratory homes, in a neat 
and tidy condition. 

One-tenth of the grade in any laboratory course is reckoned from what 
we term the laboratory technic grade. If, during the course, the student 
has never been corrected on faulty technic, about which he should have 
known, he has one grade of 100% to be counted. The average chemistry 
grade will usually stand an extra hundred figured in without appearing to 
be particularly padded. In addition to the careless blunders which are 
recorded during laboratory classes the general condition of desks can be 
checked when the laboratory has no classes in it. Every few days, or as 
much oftener as he desires, the instructor with grade book makes an inspec- 
tion tour through the laboratory to record deductions from laboratory tech- 
nic grades and leave ‘“‘clean up’’ notices where the exhortation is in order. 
For every serious infringement the student is given a 5% deduction on his 
technic grade. An average or “‘C’’ student would have to receive more 
than three such cuts before his general grade would be lowered. At the 
same time he ever has before him the possibility and hope of actually 
raising his grade by being careful in his technic and cleanliness. 

Of course there is always the possibility of the injustice of charging a cut 
to a student when another person has worked on his space and left it out 
of order. In order partly to avoid this and also more clearly to define the 
whole situation for all, the following list of violations was posted in the 
laboratory. 


1. Having attention directed to the fact that one’s desk needs cleaning. 

2. Working on another student’s desk space without his permission 
or that of an instructor. 

3. Leaving any space where one has worked in an untidy condition. 
(This applies to floor space, hood space, another’s desk, balances, 
balance tables, etc.) 

4. Being reminded that one is using any kind of faulty technic about 
which he should have known. Some of these violations are as 
follows: 

(a) Laying reagent stoppers on the table. 

(b) Leaving stoppers out of bottles. 

(c) Contaminating reagents. 

(d) Dipping personal apparatus sueh as stirring rods, etc., into 
reagents belonging to the group. 

(e) Handling the weights for the analytical balances with the 
fingers. 

(f) .Removing dry chemicals from bottles other than by first 

pouring them out on a sheet of paper. 
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(c) Throwing insoluble material into the sinks. 

(h) Leaving personal apparatus lying about on tables or in hoods, 
except by permission (in which case they are to be labeled). 

(’) Failing to turn off gas or water at one’s desk on leaving the 


laboratory. 
(j) Any undue carelessness which may tend to damage or cause 


inconvenience to others. 


As a result of this experiment the little sea animal, a part of whose 
anatomy is called the sponge, is coming into his own. At the end of a 
laboratory period he is much in demand. And the instructors, instead of 
frantically attempting to get “K.P.” duty performed, are now interested 
observers on the side lines. With this shift of responsibility from teacher 
to student it is difficult to imagine what a refreshing transformation there 
has been in the general appearance of the laboratory desks. 














HYDROGEN FROM IRON AND WATER AT ROOM 
TEMPERATURE AND A SUGGESTED LECTURE 
EXPERIMENT 


LyLeE T. ALEXANDER AND Horace G. Byers,* BUREAU OF CHEMISTRY AND Sols, 
U. S. Depr. oF AGRICULTURE, WASHINGTON, D. C. 


Hydrogen in considerable quantities may be liberated by the reaction be- 
tween tron and water at room temperature. The reaction is of interest be- 
cause of its bearing upon the questions of passivity and corrosion. A lecture 
experiment suitable for class demonstrations 1s suggested. 


Hydrogen is considerably below iron in the electromotive series of the 
metals and therefore should be readily displaced by iron from water. It is 
well known that this is the case when steam is passed over red-hot iron and 
that by this reaction the first analysis of water was made by Lavoisier. 
This method was also employed to produce hydrogen for filling balloons 
as early as 1794. Numerous patents have been issued from various govern- 
ments for utilizing this reaction for the production of hydrogen on a com- 
mercial scale. 

So far as the writers are aware, no definite report of the production of 
hydrogen in appreciable amounts at room temperature has been made. 
J. A. Wanklyn and L. Carius (1) in 1861 stated that reduced iron does 
not decompose water at 50°C. but does do so at 100°C. E. Ramann (2) 
in 1881 reported the production of 12 cc. of hydrogen by boiling water for 
an hour with 10 grams of iron reduced by hydrogen. In 1926 J. R. Baylis 
(3) reported the evolution of minute quantities of hydrogen by action of 
tap water upon iron, which evolution ceases on standing. It appears, 
however, that under suitable conditions the reaction may proceed relatively 
rapidly in the cold. The following is a description of the experiment with 
some informal comments upon it. 

Recently the writers had occasion to wet-grind a quantity of orthoclase. 
It was particularly desired to keep the ground material free from silica 
or silicate contamination and consequently the ordinary ball mill was un- 
suited for the purpose. A steel ball mill was therefore made and used with 
steel balls for a grinding agent. Both mill and balls were of highly tem- 
pered carbon steel. When the mill was operated there developed consider- 
able pressure, sufficient indeed to bend the steel plate which formed the 
cover of the mill. The gas proved to be hydrogen and nothing else. Since 
this result was unexpected and could not be ascribed to any reaction be- 
tween the orthoclase or its hydrolytic products and iron, the experiment 
was repeated, using pure water in the mill. No pressure developed and 
no qualitative test for hydrogen was found. The experiment was again 
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repeated, using water alkaline with potassium hydroxide, since the ground 
orthoclase suspension has a pH of about 10. No pressure developed. 
Again, the experithent was repeated, using pure quartz sand in lieu of the 
orthoclase. A very considerable pressure of hydrogen was developed. 
Since there was a possibility of slight acidity due both to the presence of 
carbon dioxide and hydration of the quartz, the experiment was again 
repeated using quartz sand with a dilute solution of potassium hydroxide. 
Again, very considerable evolution of hydrogen occurred. 

In order to make the experiment quantitative, the mill was now charged 
with 100 grams of pure quartz sand and 450 cc. of boiled and cooled distilled 
water. It was then slowly rotated for 60 hours at room temperature, which 
varied between 20° and 28°C. The mill was opened under water and the 
gas, amounting to 1125 cc., was collected and analyzed by use of a More- 
head buret. It was found to consist of 72.5% hydrogen, 1% oxygen, and 
26.5% nitrogen. The nitrogen was the residual gas from the air volume 
enclosed in the mill. Unless leakage occurred during the operation of the 
mill, a point not definitely ascertained, the evolution of hydrogen to a 
volume of 816 cc., or about 14 cc. per hour, was accompanied by the absorp- 
tion of approximately 50 cc. of oxygen. This rate of evolution of hydrogen 
is very great compared with the traces reported by Baylis (Joc. cit.). The 
experiment seemed worth while reporting, not alone because of its apparent 
novelty but because it has several interesting connotations. 

Apparently the explanation of the evolution of gas with sand and ortho- 
clase present, and the non-production without, lies in the fact that the in- 
terior of the mill and the surface of the steel balls are passive, or become 
passive, in water or dilute alkali, and that the abrasive effect destroys the 
passive film and continually exposes fresh iron surfaces to the action of the 
water. The effect cannot be due to silicic acid formed from the orthoclase 
or quartz by hydration since it occurs also with alkali present. The action 
is not due to dissolved carbon dioxide, as shown by Bruno (4) since any 
carbon dioxide present in the water used was removed by boiling. It may 
well be, however, that a part of the hydrogen reported by Bruno was the 
product of direct reaction with water. It is unfortunate that the experi- 
ment does not throw more light on the cause of the passive condition noted. 
It remains possible that the non-activity of the iron in water in the absence 
of an abrasive may be due to a protective coating of oxide or hydroxide of 
iron of the ordinary type, but it presents no real objection to the classic 
explanation of Faraday that passivity of iron “‘is due to a very delicate 
state of equilibrium between iron and oxygen,” 7. e., to a film of “‘adsorbed”’ 
oxygen. It does emphasize the fact that this film is easily removed and 
that iron kept in the active state has, in respect to hydrogen evolution from 
water, its proper place in the electromotive series, as shown by its electrode 
potential and its action upon acids. 
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A second consideration is that the contamination of ground materials in 
colloid and other mills which use steel or hardened alloy plates is not due 
to abrasion alone but is probably in large part due to chemical action upon 
the plates. This is certainly the case in wet-grinding of hard materials, 

A third item of interest is that the evolution of hydrogen on such a large 
scale together with the practically complete disappearance of the oxygen 
of the enclosed air lends strong support to the view that the rusting of iron 
is the result of the primary formation of ferrous hydroxide and its subse- 
quent conversion to the ferric condition by the oxygen of the air. This is 
the thesis supported by Baylis in the article already cited. However, it 
should be mentioned that the fact that rusting may proceed in this fashion 
does not preclude the possibility that carbonic acid, or hydrogen peroxide, 
may facilitate the rusting process, or that it may be due at times or in part 
to galvanic currents set up by reason of lack of homogeneity of iron and 
steel surfaces. 

In view of these relationships to general chemical theory, the experiment 
suggests a rather interesting lecture demonstration which may be carried 
out as follows: 

A suitable ball mill may be made of steel pipe 3 to 4 inches in diameter 
and 6 inches in length, capped at both ends with sufficiently fine threads to 
be gas-tight. One of the ends should be provided with an outlet closed 
with a stopcock. If desired, a closed manometer may also be used. Into 
this mill may be introduced a handful of ball bearings, 50 to 100 grams of 
sand and sufficient water to fill it about two-thirds full. The mill may then 
be rotated slowly, by the usual ball mill equipment or otherwise, for 24 
hours or longer, until the desired pressure has developed. The presence of 
the hydrogen may be demonstrated by opening the stopcock and burning 
the issuing gas. The experiment may be used to demonstrate the differ- 
ence in the activities of the metals above hydrogen in the electrochemical 
series, in contrast with sodium. It may also be used in connection with 
the discussion of passivity and in the discussion of the theories of corrosion. 

Since the subject is so far from the writers’ field of work it will not be pur- 
sued farther, although the possibility of fruitful study of the behavior not 
only of iron but of other metals and of alloys under like conditions is indi- 
cated. It is suggested that by use of abrasives other than quartz, e. g., 
steel filings, and by increase of the surface of active iron exposed, e. g., by 
use of powdered iron, the rate of evolution of hydrogen may probably be in- 
creased to any desired degree. 
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NECESSITY OF FUME HOODS FOR HIGH-SCHOOL 
LABORATORIES 


Rap E. DUNBAR AND LELAND O. SHULT, DAKOTA WESLEYAN UNIVERSITY, MITCHELL, 
SoutH DAKOTA 


A study of sixteen high-school chemistry laboratory manuals, including 1960 
experiments, reveals that there are only 102, or 5.2 per cent., of the exercises that 
require the use of fume hoods. These results would seem to indicate that the 
installation of expensive fume hoods for high-school use is highly questionable. 
However, obnoxious and poisonous gases should never be allowed to circulate 
freely in any laboratory or school building. Suggestions are given for con- 
trolling and absorbing the excess of each of the gases involved. 


The installation of efficient fume hoods with forced ventilation involves 
considerable expense. Many so-called fume hoods as found in many high- 
school chemistry laboratories are little more than holes in or boxes along the 
wall, possibly connected with the outside air by a vent, and sometimes even 
connected to the outside by an opening leading upward for several feet or 
even stories to the roof of the building. When it is remembered that am- 
monia and carbon monoxide are practically the only obnoxious gases 
lighter than air that are ordinarily generated by high-school students in the 
regular course of their laboratory work, the futility of such fume hoods will 
be immediately obvious. In addition many high-school chemistry instruc- 
tors apparently think that fume hoods are an indispensable adjunct to their 
laboratories. The authors are perfectly willing to admit that fume hoods 
are desirable, especially where finances, wall space, and other conditions 
will permit the installation and use of efficient hoods with forced ventila- 
tion. However, we are quite as unwilling to admit that they are abso- 
lutely necessary, at least until information is available as to the number and 
type of experiments that ordinarily require such fume hoods. For these 
re.sons it seemed advisable to make a study of several representative high- 
school chemistry manuals to determine what gases that would ordinarily be 
considered obnoxious are liberated in the laboratory. The percentage of 
the total number of experiments requiring fume hoods was also determined 
as well as how these gases might otherwise be conveniently handled in the 
laboratory by dissolving any excess in suitable solvents, or by meaas 
of other types of ventilation. 

In making this study sixteen high-school chemistry laboratory manuals 
were surveyed. The gases which were considered obnoxious and were 
included in the final tabulation were chlorine, hydrogen sulfide, ammonia, 
hydrogen chloride, bromine, sulfur dioxide, carbon monoxide, and finally 
arsine, nitric acid, and sulfur trioxide in the case of one laboratory manual 
each where the conditions were such as to make this seem desirable. Any 
one familiar with any typical manual recognizes that many of the above 
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Name of Laboratory 
Manual and Author 


Laboratory Experiments in 
Chemistry—N. Henry Black 
Laboratory Manual to Accom- 
pany Foundations of Chemis- 

try—Blanchard and Wade 

Laboratory Studies in Chemis- 
try—Robert H. Bradbury 

Experiments in the Chemistry of 
Common Things—Brownlee, 
et al. 

Laboratory Exercises to Accom- 
pany First Principles of Chem- 
istry—Brownlee, et al. 

Laboratory Manual for High- 
School Chemistry—George H. 
Bruce 

Experiments and Laboratory Ex- 
ercises for Chemistry in Every- 
day Life—Charles G. Cook 

Laboratory Manual of Chemis- 
try—Ernest L. Dinsmore 

Laboratory Exercises in Chemis- 
try—Charles E. Dull 

Applied Chemistry, A Laboratory 
Manual—Emery, Boynton, and 
Miller 

Laboratory Exercises for Essen- 
tials of Chemistry—Hessler and 
Smith 

A Laboratory and Note Book to 
Accompany Beginning Chemis- 
try and Its Uses—lIrwin, 

Rivett, and Tatlock 

Laboratory Practice in Chemis- 
try—McPherson and Hender- 
son 

Experiments for General Chem- 
istry—Lyman C. Newell 

Exercises in Everyday Chemis- 
try—Alfred Vivian 

Laboratory Manual of Chemistry 
in the Home—Henry T. Weed 


Experiments Liberating 
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No. Total % 





Total 


Quantities of Req. No. of Reg, 

CO HCl H:S SO: NH: Ck Br: Hood Exp. Hoa 
1 1 1 1 1 1 1 fs 80 8.7 
ar ee | see 9 95 9.4 

1 1 1 2 1 1 7 92 7.2 
a 3 116 2.5 

1 1 3 1 1 1 7 84 8.3 

Ds) RS ea en 7 60 11.6 

1 1 : a aia f 6 174 3.4 
fae: Sake gee Oe Ue ea ae 75 9.3 
1 1 1 1 1 1 6 70 8.5 

1 1 1 1 1 1 7% 115 6.0 

1 1 1 1 1 5 87 5.7 

1 1 1 eee Rees | 7 75 9.8 

1 1 1 2 1 1 i 8 110. 7 
PCY Soy eee ee 

1 1 3 391 0.5 

1 ‘ 5 ee ane 7 92 6.6 
6.14 14.34 17:32. 1s 162 1960 5.2 


* Total includes one experiment on nitric acid. 
** Total includes one experiment on arsine. 
¢ Total includes one experiment on sulfur trioxide. 


gases are frequently generated in extremely small amounts, usually in test 


tubes for one single test, and then the contents of the test tubes are im- 
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Vor. 9, No. 5 


mediately emptied into the drain with a copious flow of water. The labora- 
tory manuals do not recommend the use of fume hoods in such cases and 
few if any students or instructors use the hoods for such tests, even if 
they are available. Obviously, tests where these gases are produced in 
such small quantities as not to be noticeably offensive or dangerous, were 
not included in the tabulations. However, in all cases where a regular 
geaerator of 125 to 1000 cc. capacity or larger is used to generate any of the 
above gases for a general study of their properties or uses, this experiment 
was included in the results as published. On this basis the tabulated 
results on page 920 were obtained. The sixteen laboratory manuals are 
arranged in alphabetical order of the author or senior author without any 
other reference to results or conditions. 

It is interesting to note that there are only 102 experiments out of the 
total of 1960 in which enough of any obnoxious gas is liberated to demand 
particular precautions to eliminate a probable excess. This constitutes 
only 5.2 per cent. of the total number. If all the 1960 experiments average 
about the same length and if these typical laboratory manuals are to be 
made the basis of the high-school student laboratory work, then these 
results would indicate that such fume hoods, even if available, would stand 
idle about 95 per cent. of the time. 

There are also many other methods by which these gases can be handled 
successfully in the laboratory without the use of fume hoods. Where 
chlorine is liberated the excess gas can be successfully dissolved in sodium 
hydroxide solution. Hydrogen sulfide can be dissolved in water or, better, 
in a concentrated solution of sodium or potassium hydroxide. Ammonia 
can be successfully dissolved in water or an acid such as sulfuric or nitric 
acid. Hydrogen chloride can be readily dissolved in water or a basic 
solution. Bromine will dissolve in potassium or sodium hydroxide solu- 
tion. Sulfur dioxide will dissolve very nicely in water or again in a solution 
of sodium or potassium hydroxide. Excess carbon monoxide can be 
collected over water and later burned. By these simple methods the gases 
that are injurious will not be circulated inside the laboratory. 

Instead of having large generators for the production of these offensive 
gases in cases where they are very poisonous to the workers, the gases can 
be generated directly in small bottles where the tests are to be made and 
kept in them until used. This method has the advantage over the gener- 
ator type in that there is little chance for the gas to escape through leaks in 
the tubes. For example, chlorine can easily be generated in a small 4-ounce 
gas bottle at room temperature by the action of about 1 or 2 cc. of con- 
centrated hydrochloric acid on 5 g. of solid potassium chlorate. The 
bottle can be conveniently covered with a glass plate to prevent the escape 
of the gas. Many instructors deem it advisable to use teacher-demon- 
strations in performing those laboratory exercises where appreciable 
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quantities of these offensive and poisonous gases are liberated. This has 
the advantage of one generator instead of one for each student or group in 
the laboratory. In addition the technic of the instructor should be su- 
perior to that of the students, thus eliminating much of the excess and 
unnecessary gas as well as customary leakage. If, after following these 
precautions, any gas should escape into the laboratory it can usually be 
driven from the room by throwing open a few windows. 

This study seems to reveal little if any justification for the purchase and 
installation of fume hoods for high-school laboratory work in chemistry if 
the courses offered are to be based upon any of these sixteen typical high- 
school manuals, especially if the cost of such hoods is excessive. Likewise, 
since all gases listed except ammonia and carbon monoxide are heavier 
than air, some system of forced ventilation should be provided if such 
hoods can be procured with the finances available and are to operate 
efficiently. In many modern laboratories it is customary to ventilate the 
entire room through the hood. In such cases where forced ventilation is 
provided, the added cost of some hoods would be confined largely to the 
hood itself. Frequently hoods are built in hollow walls, these walls also 
carrying the other service lines of the laboratory. However, the fact can- 
not be overestimated that if such hoods are not provided then every other 
precaution possible must be taken not to fill the laboratory or building with 
offensive and poisonous gases, thus endangering the comfort and health of 
the students in the chemistry classes or school. Perhaps forced ventilation 
in the entire building and especially in the chemistry laboratory may be a 
better solution for this problem. 
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A DEVICE FOR MEASURING THE COMPARATIVE 
CONDUCTIVITY OF ELECTROLYTES 


BEN H. PETERSON, Cok COLLEGE, CEDAR Rapips, Iowa 


Various methods have been devised to show the conductivity of electro- 
lytes as an experiment in general chemistry. The most common type con- 
sists of an electric light bulb connected in series with two terminals which 
are immersed in the solution to be tested. The intensity of the light is 
taken as a measure of the dissociation of the electrolyte. Such a demon- 
stration will show observable 


differences in the conductivity <> ie 








of strong and weak electro- 
lytes but it is difficult to ob- 
serve any difference in the 
behavior of, say, hydrochloric 
and sulfuric acids of equiva- 
lent concentrations. Further- 
more, the effect of dilution on 
the conductivity cannot be so 
measured. 

The device shown in Figure 
1 has been used in our labora- N 
tories and found very satis- 
factory. It permits a quanti- 
tative measurement, which is 
a desirable feature in any 
experiment in general chem- 
istry, and the students get the 
idea of strong and weak elec- 
trolytes more readily. The 
figure is self-explanatory. The 
terminals are made of 7-mm. 
capillary tubing into which 
small pieces of platinum wire Wisse « 
are sealed. Contact is made 
to the copper leads with mercury. The milliammeter, reading to 250 milli- 
amperes, is made by the Lundquist Tool and Manufacturing Company of 
Worcester, Massachusetts, for the radio industry, and may be purchased at 
radio repair and supply shops. 

Using a six-volt battery, the terminals of platinum being one inch apart 
and a half-inch long, the following data were obtained with half-normal 
acids. 
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Normal sulfuric acid served as an excellent starting point to show the 
effect of dilution on the conductivity. The reading is obtained for the 
normal acid and then for successive dilutions such as, half, eighth, sixteenth, 
etc. The reading for each dilution is multiplied by the dilution number. 
The results show an approach of the conductivity to a limiting value as 
illustrated by the following data taken from a typical experiment. 
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FIGURE 2.—EFFECT OF DILUTION ON CONDUCTIVITY OF H2SO, 


Dilution 1 2 4 8 16 32 64 128 
Conductivity 210 170 122 80 50 28 15 8 
dD x<¢ 210 340 488 640 800 896 960 1024 


These data are shown as (dilution X conductivity) plotted against dilution 
in Figure 2. The approach to a maximum dissociation is plainly demon- 
strated. 
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A STOPPER SUBSTITUTE FOR THE VICTOR MEYER OUTER 


JACKET 


Jupson H. ROBERTSON, THE UNIVERSITY OF TENNESSEE, KNOXVILLE, TENNESSEE 


Because of the enlargement at the bottom and the side tube near the top 


of the inner tube of the Victor Meyer molecular-weight 
apparatus, the cork surrounding it and closing the outer 
jacket is cut ordinarily from circumference to center so 
that it may be slipped around the inner tube. Witha 
well-rolled, flexible cork the slit in the cork may be 
quite small, leaving a steam vent that is not too large. 
When the cork becomes old and brittle it cannot be 
slipped around the inner tube without breaking unless 
the size of the slit is enlarged. The 
| objection to cutting a larger hole in 
the cork is that it lowers the effi- 

| ciency of jacketing. 

It is much simpler to close the 
outer jacket by means of two flat 
Stat boards properly sawed out to slip, 
one over the other, around the 
inner tube. A pair of these will 
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FicuRE 1.—BOorT- 
TOM BOARD 
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FIGURE 2.—Top 
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fit large or small jackets equally well. 
Figures 1 and 2 show a pair.of covers which have 











UKD 


Te, 








FicurRE 3.—VICc- 


TOR MEYER APPA- 
RATUS WITH COVER 
BOARDS IN PLACE 


proved more satisfactory than the conventional cork. 
A number of these were made from a board of Transite 
of 1/,-inch thickness, which was left over from the 
construction of a fume hood. In the center of each 
of these 3'/2-inch squares '/2-inch holes were drilled 
and a strip '/2-inch wide was sawed out from the side 
to the center. Figure 3 shows the covers in position. 
Transite, which is a composition asbestos material, is 
dense and does not warp readily. Hence, the boards 
are heavy and fit tightly over the outer jacket, making 
an effective cover. At the same time there is ample 


space for the escape of steam around the inner tube. 


x 


925 








USE OF THE HYDROGEN-ION COMPARATOR IN THE 
TITRATION OF AQUEOUS EXTRACTS 


H. J. A-mgutst,* UNIVERSITY OF CALIFORNIA, BERKELEY, CALIFORNIA 


During the course of certain research it became necessary to secure compara- 
tive values for the titratable acidity of aqueous extracts of fish meals. Since 
the method developed involves several useful ideas and 1s adaptable generally 
for both acidity and alkalinity determinations, it is presented in the hope that 
it may aid other workers on similar problems. 


The almost invariable presence of buffer combinations in aqueous extracts 
often makes it impossible to obtain satisfactory duplication of titrations 
when they are performed in the usual way, since the addition of standard 
acid or base causes relatively small changes in the hydrogen-ion concentra- 
tion of the solutions. The working range of most indicators is about 1.6 pH 
units which, in the presence of efficient buffers, makes possible a serious 
variation in the amount of standard acid or base used although the indicator 
appears to show nearly the same end-point. Another difficulty arises when 
the substance imparts a color to its aqueous extract. These colors aften 
interfere with perception of the indicator color. 

The common block comparator can be used to overcome these difficulties 
in a reasonably accurate and satisfactory way. This is done by using the 
comparator in a manner quite similar to its ordinary use in estimating pH, 
as described by Clark, ** except that only one of the various pH comparator 
tubes is used; the one corresponding to the pH selected as the end-point, of 
the titration. Behind this tube is placed a second tube containing a portion 
of the aqueous extract. The color seen on looking horizontally through 
this pair of tubes is that of the desired end-point; that is, the color due to 
the indicator in the titrated extract, at the pH selected, as affected by the 
natural color of the extract. When the extract is colorless it is, of course, 
unnecessary to use this second tube. 

Indicator solution is now added to a known volume of the extract to be 
titrated so as to make the concentration of the indicator the same as that 
in the comparator standard tube. The extract is now titrated with stand- 
ard acid or base which has been made up containing the indicator in the same 
concentration as that in the extract and in the comparator tube. By this pro- 
cedure the indicator concentration is automatically kept constant. 

From time to time the color of the titrated extract, some of which is tem- 
porarily poured into a comparator tube, is compared with that seen through 
the combination consisting of the standard comparator tube backed up by 


* Research Assistant, Division of Poultry Husbandry. 
** Clark, “The Determination of Hydrogen Ions,’ Williams & Wilkins Co., Balti- 
more, Md., 3rd edition, 1928. 
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the tube containing the natural color of the extract. As the end-point 
color is approached the tube containing the extract color should be diluted 
with water by an amount proportional to the volume of standard acid or 
base added to the extract portion being titrated. This precaution may be 
disregarded only if the natural color is very faint or if the titer volume is 
small compared to the volume of the extract. When the extract color tube 
must be used it is also necessary to back up the tube containing the titrated 
extract with a tube containing water only, in order to achieve the same 
lighting effects on both color combinations. 

In some cases the natural color of the extract may be affected noticeably 
by changes in pH and it is well to determine in advance of titration whether 
such changes are occurring. The alteration of this natural color must then 
be taken into account. This may be done by diluting the extract color 
with an amount of stand- 
ard acid or base propor- 
tional to that used in 
titrating and of the same 
strength but containing 
no indicator. Occasion- 
ally, tri-calcium phos- 
phate will precipitate as 
the extract becomes alka- 
line and cause a turbid- 
ity, in which case the 
difficulty is best over- 
come by treating the 
extract with a small ComMPARATOR APPARATUS 
amount of neutral potas- 
sium or sodium oxalate to precipitate calcium ion. After filtering off the 
calcium oxalate the titration is made as described. 

In order to avoid the laborious pouring of titration samples into compara- 
tor tubes and back, with frequent small losses, the titration flask shown in 
the illustration was made. This consists of an ordinary Erlenmeyer flask 
to which a side tube of the same internal diameter as that of the compara- 
tor tubes is sealed. Use of this vessel greatly speeds up the work and elimi- 
nates losses. 

The arrangement used by the writer is shown in the illustration. In the 
upper comparator block are shown the comparator standard tube behind 
which is the tube containing the naturally colored extract and the titration 
flask with side tube behind which is the plain water tube. The smaller 
buret at the left is used for measuring out indicator solution. The larger 
buret contains the standard solution with the proper concentration of indi- 
cator. In determining the titratable acidity in aqueous fish meal extracts 
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to an end-point at pH 9.0 with thymol blue indicator the procedure was 
found to give check results agreeing usually within 0.2 ml. of 0.14 sodium 
hydroxide solution. 

The comparator outfits together with extra amounts of the indicator 
solution used may be obtained from chemical supply houses. The indicator 
solution may also be made up from the solid indicator if the concentration 
used in the comparator tubes is known. A complete outfit may also be 
assembled from materials at hand in most laboratories. 
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MECHANICALLY STIRRED MELTING-POINT TUBE 


Ep. F. DEGERING, PURDUE UNIVERSITY, LAFAYETTE, INDIANA 


Various types of mechanically stirred melting-point tubes have been 
in use for some time, but not available on the market. The form shown 
in the accompanying figure has proved very 


oui 4% COT satisfactory in this laboratory, and is now 
Ny 
| 
| 


available in pyrex from the Corning Glass 
Works, Corning, N. Y. 
One arm is provided with a mechanical 
ER ene stirrer, and the thermometer and melting- 
‘> point tube are inserted in the other arm in 
the usual manner. The stirring shaft is 
readily made by pinching a small propeller 
on the spherical end of a hot rod by means 
of a warm pair of pliers. Better uniformity 
of temperature is obtained if the propeller 
SEE stirs upward and the burner is placed under 
the arm containing the thermometer. Either 
a e a small air windmill or a small motor serves 
as a convenient source of power for the 
stirring. 
Properly stirred tubes of this type permit determinations to be made 
much more rapidly than do the Thiele or the Dennis modified tubes. 
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SILVER-BISMUTH ALLOYS IN QUANTITATIVE ANALYSIS 


GEORGE W. BATCHELDER AND LOREN C. HurpD, UNIVERSITY OF WISCONSIN, MADISON, 
WISCONSIN 


The preparation, and in some cases the maintenance, of a series of student 
samples for use in elementary quantitative analysis offers a considerable 
problem. Powder mixtures containing silver salts are not in general satis- 
factory because of their instability. The copper-silver alloy appears to 
be the universal favorite and in spite of the difficulties encountered in small- 
lot preparations, the alloy is widely used. Its popularity is probably due 
in no small part to the ancient but dishonorable practice of using coinage 
for laboratory samples. The high melting point of copper-silver alloys 
(over 778°C. in all cases) and the accompanying danger of segregation 
when working in small crucible lots are serious handicaps to the teacher who 
prepares and maintains his own sample series. Alloys of this type pre- 
pared in this laboratory and samples purchased from one of the larger com- 
mercial refineries were found to contain slag inclusions and analyses of 
different portions of the ingots did not yield concordant results. 

A survey of the available phase-rule diagrams of systems containing 
silver as one of the constituents led us to believe that alloys of bismuth and 
silver would lend themselves satisfactorily to the preparation of a student 
sample series. Diagrams of the two systems are reproduced on page 930 for 
purposes of comparison. It will be seen that in the Cu—Ag system the eutec- 
tic mixture has a melting point of 778°C. and that the copper content of such 
a mixture is about 28%. The Bi-Ag system on the other hand exhibits a 
eutectic containing but 2.5% silver and which melts at 260°C. Bismuth 
alloys containing sixty per cent. silver melt at approximately 625°C. 
whereas the copper alloy containing this amount of silver melts in the 
neighborhood of 935°C. Consequently it is possible to melt and pour at 
relatively low temperatures a series of bismuth-silver alloys without ap- 
preciable segregation of the constituents. 

Following a preliminary study the following method was adopted for the 
preparation of thirty samples ranging from 5% silver to 50% silver. 
Weighed amounts of commercial c.P. bismuth were introduced into a six- 
inch Hessian crucible and melted in an ordinary laboratory gas furnace. 
To the molten bismuth precipitated silver was added in such amounts as 
necessary to bring the alloy to the desired composition. Following com- 
plete solution of the silver the melt was thoroughly stirred with a graphite 
rod and poured into a pan of cold water. The preparations were thor- 
oughly washed with distilled water and then with alcohol and ether. The 
air-dried products were transferred to glass-stoppered bottles. It was 
found that if the bismuth alloys were heated to free them from entrained 
water, surface oxidation sometimes took place. Attempts to prepare the 
alloys on an accurate weight basis were abandoned because of the tendency 
for the molten bismuth to oxidize when exposed to the air. Likewise the 
929 








Degrees Centigrade. 


Degrees Centigrade. 


JOURNAL OF CHEMICAL EDUCATION 








//00°C. 


1084 C. 




















10 20 30 40 50 60 70 





/000°C. 





900 C, 


800°C, 


700°C, 





600 C, 

























































SILVER-BISMUTH ALLOYS 931 





Vor. 9, No. 5 





silver used throughout the work was obtained from silver chloride residues 
and was of doubtful purity. 

Analysis of the samples was made according to the well-known Volhard 
method. The solution of ammonium sulfocyanate was standardized 
against reagent quality silver nitrate and rechecked against pure silver. In 
the case of the former primary standard it is well to acidify the solution 
with the same amount of nitric acid that is to be used in the analysis of the 
unknown. The total volume of the solution as well as the concentration 
of the ferric salt used as the end-point indicator should be the same in both 
titrations. 

Of the thirty samples prepared all but three were found suitable for 
student use. The rejected samples were all in the 40-50% range and one 
was known to have been imperfectly stirred. Typical results obtained by 
the authors on representative alloys follow: 


Sample Number of Determinations % Ag (avg.) Max. Dev. 
D 4 34.69 0.08% 
M 4 5.81 0.09% 
P 5 24.97 0.03% 


The series has been used for two years and the reserve stock of the alloy 
has shown no sign of oxidation or deterioration. Results obtained by 
students enrolled in the elementary courses are, in general, good. 














THE LECTURE-DEMONSTRATION AND INDIVIDUAL LABORA- 
TORY METHODS COMPARED.* I. THE LITERATURE 


V. F. PAYNE, TRANSYLVANIA COLLEGE, LEXINGTON, KENTUCKY 


This article is a challenge to read critically the abundant literature on these 
two methods of introducing students to the study of chemistry. The stated 
aims of the teaching of chemistry have been considered. Several studies com- 
paring the methods at the high-school level have been summarized. The opinion 
of teachers and pupils has been considered. Our general practice has been 
compared with that of one institution of higher learning in this country and 
the more general practice of European countries. 


Without any quantitative method of evaluating achievement, but merely 
as a matter of almost universal opinion, the idea grew up among educators 
that chemistry instruction must begin with individual laboratory work as 
an essential element. Many schools and colleges, however, have been un- 
able to provide adequate facilities for individual experimentation in chem- 
istry, as well as in other sciences, and this fact has been increasingly a 
source of embarrassment. With the present tendency to appraise our 
educational practices in a scientific way we are beginning to realize that we 
have adopted a costly system with a background of opinion only. Perhaps 
the system is valuable for capable students who know they want to become 
chemists. It is now being questioned on many sides as a method for the 
masses of students finding their way to the last years of high school and the 
first years of college. The fact that one successful state university 
(Indiana) found a system of lecture-demonstration satisfactory, while 
other institutions are encountering many problems in the individual labora- 
tory method, has served as an inspiration to compare the methods. A 
consideration of the vast outlay of wealth in equipment for individual 
student experimentation should serve to make us ask whether we are re- 
ceiving full value for outlay. The investment of teacher and student 
time should be in that method which will net the greatest return. 


The Aims of Chemistry Teaching 


The necessity of clearly defined aims in any subject is recognized. The 
writer, however, has not attempted to determine what the aims in teaching 
first-year chemistry should be. Rather, he has brought together typical 
statements of these aims and attempted to point out whether or not these 
generally unchallenged statements inherently demand a specific method of 
teaching for their realization. Any attempt to evaluate teaching methods 
should be made in relation to the aims of the subject. The final test of ef- 


* From a dissertation submitted by V. F. Payne in partial fulfilment of the require- 
ments for the degree of Doctor of Philosophy in the University of Kentucky. 
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ficient teaching is the degree to which it realizes the objectives of instruc- 
tion. 

Various groups and individuals (1)—(7) have attempted to set up the 
aims and objectives of first-year chemistry. While the various lists of aims 
in teaching chemistry here cited were intended for high-school chemistry, 
they may apply almost as well to first-year college chemistry. There has 
been no scientific background in their formulation and no general adoption 
of any one set of aims. 

Without great violence to the foregoing statements all of these aims may 
be listed under one of three divisions: (1) information or knowledge, (2) 
skill, particularly in thinking, (3) inspiration and appreciation. One 
writer (8) points to the “usable residue’ of chemical knowledge from which 
every adult American should build a “chemical point of view.’ Another 
(9) points to the elusiveness of information and favors an ‘‘appreciation 
course’ in chemistry for beginners. A group (2), already mentioned, em- 
phasize a scientific method of thinking as a paramount aim of beginning 
chemistry. 

Certain values and objectives of laboratory work and instruction, men- 
tioned by Frank (5) and Smith (6), clearly imply individual laboratory 
work. There is nothing to indicate what portion of the total time given to 
chemical instruction should be devoted to individual laboratory work or at 
what time in the course such work should begin. It is difficult to see, for 
the realization of the more general aims stated, any absolute necessity for 
individual laboratory work. 


Experimental Studies 


Several studies (10)-(18) have been made comparing the achievement 
of groups of science students taught by the individual laboratory method 
with that of groups taught by teacher-demonstration alone. These inves- 
tigations have dealt almost exclusively with students at the high-school 
level, but a number of them are worthy of comment in connection with the 
present study. 

A most valuable study by Carpenter (11), in the high-school chemistry 
field, is one involving thirty-four classes from twenty-three high schools in 
fourteen states. The large populations, the validation of tests, the wide 
distribution of schools, the use of many teachers and the use of modern 
statistical methods for computing averages, distributions, and coefficients of 
reliability insure confidence in this research. 

If Carpenter has erred at any point in his conclusions it appears in favor 
of the individual laboratory method. He found a “‘critical ratio” of 1.27 
favoring the demonstration method. While a critical ratio under three is 
not considered statistically significant this ratio of 1.27 indicates that there 
is only once chance in about four that the difference favoring the demon- 








934 





JOURNAL OF CHEMICAL EDUCATION May, 1932 


stration method is due to errors in measurement or inadequate sampling 
(19). Such a difference can hardly be neglected. 

In contrast to these results Horton (12) found, in specific information 
gained and in ability to think in terms of chemistry, an even greater ad- 
vantage in favor of the individual group. These first results were not 
considered statistically significant but Horton later devised tests measur- 
ing manipulative skills that did give significant results favoring the indi- 
vidual method. If Horton’s work is open to criticism it is probably in the 
sterility of his so-called demonstration method. He says: 

The manual of directions used by the individual group was also in 
the hands of the demonstration group; and the teacher followed these 
directions without comment* and precisely as they were given. 

TABLE I 


Summary of Typical Studies Comparing the Lecture-Demonstration and Individual 
Laboratory Methods in High-School Chemistry 


Studies Conclusions Comments 
Wiley (10): Three un- Considered unfavorable to Differences are small. 
equated groups, each of lecture-demonstration Study has a doubt- 
eight high-school chem- ful value 


istry students 
Anibel (13): Thirty pairs Demonstration method is as 


of high-school chemistry effective as the individual 
students for one year laboratory, takes two- 
and seventeen pairs for thirds as much time, and 
a second year costs about one-fifteenth 


as much as the laboratory 
Knox (16): High-School Favorable to the demonstra- 


Chemistry tion method 
Pugh (15): High-School Favorable to the demonstra- 
Chemistry tion method: The ad- 


vantage continues after 
the compared groups are 
united in individual labo- 
ratory work 
Nash and Phillips (14): Favorable to the ‘‘instruc- 
Second - semester high - tor’ (laboratory) method 
school chemistry 
Carpenter (11): Thirty- Favorable to lecture-demon- A very valuable study 


four high-school chem- stration although the re- Conservative in con- 
istry classes from sults were not statistically clusions 
twenty-three high significant 


schools in fourteen states 
Horton (12): High-school Statistically significant re- Open to criticism on 
chemistry. Manipula- sults favorable to individ- account of the sterile 
tive skills ual laboratory demonstration 
method used 


* Italics by the present writer. 
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It is hardly conceivable that such a rigidly formal demonstration method 
would be generally adopted, or is it one that is well designed to produce 
whatever values this method is capable of bringing about. Horton is, 
however, to be commended for his efforts to measure manipulative skills. 

Of the nine studies here cited, seven are either favorable to lecture 
demonstration in preference to individual laboratory work or they point 
to practically no differences. The differences between the methods are not 
shown to be significant statistically but the evidence is not negligible. 
One study has produced data that show statistically significant differences 
definitely favoring individual laboratory work, but in comparison with an 
unusual and rather sterile method of lecture-demonstration. Noll (20) 
has concluded that recitation or oral quiz seems a fairly profitable substitute 
for laboratory work but that outside reading is not. 

It seems reasonable to conclude that our present extensive use of the 
individual laboratory method for beginners in chemistry is, to say the least, 
open to question. It is imperative that proponents of the method assume 
the defensive if they are to justify its continuation without change. 

Several investigations (21), (22), (23) have also been made in regard to 
the relative merits of beginning the laboratory work before the class work 
on a given topic and the reverse procedure. These reports refer to rela- 
tively short intervals of time between the laboratory and classroom 
work. They do not anticipate the possibility of having a long period 
of lecture demonstration precede the introduction of individual labora- 
tory work. It seems possible to the writer that the slight differences 
found in the two reports favorable to “recitation first’’ may lead us to 
anticipate an advantage to a group having a prolonged period of demon- 
stration work preceding the first individual laboratory work. At any rate, 
the possibility is sufficiently promising to warrant further study. 

Opinion 

A large body of opinion (24)-(43) has grown up in the literature and 
is worthy of careful consideration. Some of the opinions are based on ex- 
perimental studies. Other opinions which may be as valuable as these 
are based on a rich and observant teaching experience. 

Downing (24), who has directed experimental studies and who has studied 
all of the experimental studies in the field, is in a unique position to judge 
fairly. He says: 

. .. .[t does seem safe to conclude that under the present conditions 
of teaching science in the secondary schools the demonstration method 


is as effective as the laboratory method in getting over to pupils the 
desired information and saves time and a great deal of money... . 


Several writers (3), (6), (33)-(36) point to inherent difficulties in indi- 
vidual laboratory work for beginners and to the apparent inability of many 
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students to profit from such work. That the early training in laboratory 
practice is not efficient, or that it actually tends to develop bad habits of 
technic is indicated by others (37), (38). It seems possible to this writer 
that the general student may more safely be given any values resulting from 
individual laboratory work but that the student who plans to continue 
should be protected from the poor teaching often given to large groups. 

Table II is adapted from an exhaustive study on ‘“Teaching Science as 
a ‘Way of Life’ ”’ (44). It indicates that the New York City high-school 
teachers rank the demonstration-discussion method first and individual 
laboratory third for giving pupils a grasp of fundamentals but the indi- 
vidual laboratory first and demonstration-discussion second for developing 
scientific habits in pupils in the high-school chemistry course. 


TABLE II 
Statement by New York City Teachers Comparing Methods of Teaching High-School 
Chemistry 
Does Most to Give Pupils Grasp Does Most to Develop Scientific 
of Fundamentals Habits in Pupils 
Number Per Cent. Number Per Cent. 
Demonstration- Discussion 64 57.7 21 22.8 
Individual Laboratory 12 10.8 48 52.2 
Assigned Text 18 16.2 9 9.8 
Problems 6 5.4 8 8.7 
Combination 11 9.9 6 6.5 
Total 111 100.0 92 100.0 
Practice 


Writers (45), (46), (47) point to the more extensive use by European 
schools and universities of the demonstration method often to the exclusion 
of individual laboratory work. Dougherty (48) has called attention to 
the inauguration in Princeton University of a general chemistry course 
dependent upon lecture demonstration without individual laboratory. 
Indiana University is outstanding in this country as a prominent state 
university which until recently introduced its beginners to chemistry by 
lecture demonstrations rather than by individual laboratory work. Pro- 
fessor Mathers (private communication) commented as follows on their 
experience: 


Our system of lecture demonstration method for freshman chem- 
istry is of German origin. The head of this department was educated 
in Germany and he liked their method. We certainly must admit 
that it has been a success over there. Personally I think that it 
saves enough time to be worth while. More can be learned than is 
possible with the same time in laboratory. However, we are making 
plans to introduce some laboratory due to the desire for that practice 
in the training of high-school teachers who must give that type of 
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work. It is our intention to keep the laboratory work to as small a 
quantity as is possible. 

If all the time is given to the laboratory in the first year, very little 
ground can be covered. I think our major students are much better 
off by not having that first-year work. It is possible that the teachers 
for high school need it. It may be desirable for the ordinary “‘arts”’ 
student. 

If it were not for the teachers and the desire to make our work uni- 
form with other universities, I feel sure that we would not consider 
changing to the laboratory. 


We are forced to the conclusion that the individual laboratory method is 
not functioning, at the present time, as its proponents anticipated. This 
failure may be due to teacher weakness in administering the method, in- 
adaptability of the method to the abilities of our students, or to a combina- 
tion of both these factors. May it not be possible that a solution will be 
found in the European plan as was represented in this country by Indiana 
University? Should not the use of a laboratory by beginners in chemistry 
be the coveted privilege of the competent student rather than a universal 
requirement that is at once both distasteful and ineffective for the less- 
favored majority? 
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Law Does Not Forbid Shipment of Radioactive Substances. Recently a warn- 
ing against the unwise use of “‘radioactive” waters was reissued by the Food, Drug, and 
Insecticide Administration of the U. S. Department of Agriculture. The Food and 
Drug Administration cannot prohibit the sale or transportation of radioactive substances 
within the United States, even though they may be highly dangerous, any more than it 
can prohibit the sale or transportation of any poison, such as arsenic, Dr. P. B. Dunbar, 
assistant chief of the administration, explained. It can only prohibit incorrect labeling 
of drugs. Radithor, the product used by the late Mr. Byers, was correctly labeled. 
It claimed to be radioactive and it is, highly so, federal officials found. 

Advertising claims do not come under the jurisdiction of the Food and Drug Ad- 
ministration but under the Federal Trade Commission. This body on Jan. 17 of this 
year ordered the makers of Radithor to ‘cease and desist”’ from advertising that their 
product was harmless and that it would improve a long list of ailments. 

Most of the radioactive waters on the market contain very little radioactive sub- 
stances, only 2 or 3 units in a little over a quart of water. Their use is probably harmless 
unless it keeps people from some more beneficial form of treatment. Radithor, however, 
is a powerfully radioactive substance, and should therefore not be used except under the 
direction of a qualified physician. 

If radium or radioactive substances had been included in the federal caustic poison 
law, the Food and Drug Administration could have required it to carry the word Poison 
in half-inch high letters on the label. Under this law certain caustic acids and other 
poisonous products must bear such marking and also the antidote for the poison on the 
label, Dr. Dunbar explained. No antidote for radium poisoning is known, however. 

The Food and Drug Administration can prohibit the sale of radioactive foods, since 
this comes under the head of adulteration of foods which is prohibited by the Food and 
Drug law. The administration has stopped the importation of a number of foreign 
food products, such as chocolate, claiming to be radioactive.— Science Service 














AN EXTRACTOR FOR “FROZEN” BOTTLE STOPPERS 


DeEAR EDITOR: 

Professor’ Embree R. Rose of the University of Vermont has called 
attention, in the January issue of the JOURNAL OF CHEMICAL EpucarTIon, 
to'a very clever and novel device for removing frozen glass stoppers from 
reagent bottles. Professor Rose calls attention in his article to the need 
for such a device, for which no equipment has been regularly available. 
Every teacher of chemistry has felt the need for a device of this kind and 
it is not surprising to find that the problem has been attacked by men in 
different parts of the country working along similar lines. 

Professor H. A. Geauque, formerly head of the Chemistry Department 
at Lombard College, Galesburg, Illinois, wrestled successfully with this 
problem some five or six years ago and developed a very inter- 
esting mechanical device for removing stoppers from bottles, 
some features of which are sufficiently novel to merit further ex- 
planation. As will be noted from the illustration, the stopper 
extractor consists of a metal frame, the two sides of which are 
pivoted so that they can be adjusted to rest on the lip of bottles 
of any size. A T-screw passing through the frame at the top 
carries attached to the cross-bar at its lower. end, a pair of 
pivoted jaws, the lower ends of which are curved and are wedge- 
shaped. The upper ends of these movable jaws come in contact 
with the sides of a cone-shaped metal nut through which the end of the 
T-screw is threaded. To operate, the side frames are adjusted to rest on 
the sides of the bottle lip. The lower ends of the movable jaws are pressed 
beneath the head of the stopper and the cone-shaped nut is turned counter- 
clockwise until it presses tightly against the upper ends of the movable jaws. 
This fixes the lower jaws firmly beneath the head of the stopper, after 
which, by turning the T-screw very slowly, the upward pressure against the 
stopper is gradually increased until it eventually breaks loose. The wedge- 
shaped lower ends of the jaws produce a prying effect on the stopper, which 
probably helps to account for the effectiveness of the Geauque Stopper 


Extractor.* 





S. L. REDMAN 


CENTRAL SCIENTIFIC Co. 
CxIcaco, ILLINOIS 





*The Geauque Stopper Extractor is manufactured by the Central Scientific 
Company, from whom it may be secured. 
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PREPARATION OF RHOMBIC SULFUR CRYSTALS 


DEAR EDITOR: 

It is well known that the size of crystals formed from a solution 
depends upon the rate of evaporation of the solvent: slow evaporation 
producing large crystals. In order to obtain large crystals it is necessary 
only to prolong the period of evaporation. 

In the case of sulfur, proceed as follows: dissolve in 20 cc. carbon 
disulfide as much powdered roll sulfur as possible. Filter through a 
dry filter paper into a small flat-bottomed glass dish. Cover the dish 


- with two or more layers of blotting paper, the sheets being large enough 


to extend completely over the top of the dish. Lay a book or other 
heavy flat body on the top of the blotting paper. Set the dish away in 
a cool place for a week. 

Under the above conditions, evaporation must proceed very slowly 
and crystals half an inch long may be obtained. The general shape 
may readily be observed and the angles and beveled sides easily seen 
through a lens, but it is not a simple matter to get perfect large crystals. 

For exhibition purposes, the smaller but more perfect sulfur crystals 
may be shown behind a good reading glass of high magnification so 
arranged from the viewpoint of the observer as to focus upon the crystals. 
The dish in which the crystals formed should be supported at the eye- 
level and so that the bottom of the dish is in a vertical position. The 
crystals adhere to the bottom of the dish and will not fall off. A suitable 
label should be appropriately attached. 

The above might serve as a project—‘‘A Study of Crystallization as 
Affected by Time’’—the two samples, large and small, being shown 
side by side. 

CHARLES H. STONE 


MEMORIAL HIGH SCHOOL 
Boston, Mass. 


A SIMPLE METHOD FOR CALCULATING THE PROPORTIONS OF 
VARIOUS SUBSTANCES OF KNOWN COMPOSITION TO GIVE 
A MIXTURE OF DEFINITE COMPOSITION 


Dear EpItTor: 

Pharmacists, chemists, many factory workmen where chemical processes 
are used, teachers and workers in the field of science in general (either for 
the purposes of instruction or for their own use in laboratory work), as 
well as all others who wish to mix various quantities of materials of known 
composition of any one ingredient to obtain a material of certain definite 
composition will find the following simple method a great help in cal- 
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culating the proportions or quantities of materials to be used. Four 
examples are worked out herewith to illustrate the method. A few appli- 
cations may be indicated here. These, with the examples, will suggest 
the application of the method to a wide range of operations. The method 
will apply to the formation of alloys, to mixing ores, mixing fuels, cal- 
culating quantities of batches of materials to be mixed, diluting and 
mixing all kinds of solutions such as milk, acids, alkalies, salts, etc., to the 
determination of the proportions of various isotopes to give the “‘average”’ 
atomic weight as given in our atomic weight tables, and, in fact, to all 
determinations of the proportions by weight of given materials to be used 
in making a product of a certain definite composition. 

The mathematics of the method will be found discussed in “Van Nos- 
trand’s Chemical Annual’ (1913), Olsen, and a rectangle method for 
making determinations where only two quantities are used for obtaining 
a third is given there, also. However, the method given herewith is just 
as simple as the rectangle method for calculations and may be used for 
any number of quantities. 

It is based upon the principle that the mixing of materials is strictly 
an additive property which holds true as far as weight relations go and 
in many cases there is no practical difference for volume relations in 
dilute solutions (e. g., adjusting normalities). However, volume relations 
may easily be calculated by the method if densities are taken into con- 
sideration. 

The method in “‘set-up’’ form may be easily compared to and recalled 
from the fact that it closely resembles a season schedule-sheet for a league 
of baseball or football teams. It can best be explained by taking concrete 
problems. 

1. What weight of milk of 3.5% butter fat should be mixed with 100 
pounds of milk of 4.2% butter fat to give a milk of 4.0% butter fat? 


Given Desired 
Per cent butter fat 3.5 4.2 4.0 Solution 
3.5 ee 0.5 4.0 —3.5 = 0.5 
4.2 0.2 ae 4.2-—4.0 =0.2 
Parts by wt., whole nos. 2 5 7 2+5=7 
Given and wanted X Ib. 100 lb. 5X = 200 
XY = 40 lb 


The data are arranged in a table of horizontal rows and vertical columns 
as shown. It is evident that 4.0% milk cannot be made from either 3.5 
or 4.2% milk alone so dashes are placed in these spaces. The quantity 
of 3.5% milk can be calculated readily from the proportion, 2:5 = X: 100, 
or by “‘cross-multiplying” and solving for X which represents the unknown 
amount. Of course, the total amount of 4.0% milk represented by the 
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7 parts is 40 + 100 = 140 pounds. Though the parts are given by weight 
no appreciable error would be introduced by substituting gallons for pounds 
for the relative quantities. 

2. In what proportions should 4, 7, 10, 15, and 18% hydrochloric 
acid solutions be mixed to give a 12% acid solution (all by weight) ? 


Given Desired 
Per cent by weight A RES AD 2 ABE IS 12 Solution 
4 Z > a 8 8 12-—- 4=8 
7 , 4 ba 5 5 12-— 7=5 
10 : - 2 2 12 —10 = 2 
15 >; Se, Bo 3 ee 15 —12 =3 
18 G6 6 yes a? 18 —12 =6 
Parts by weight a 9 15 15 57 
Parts by wt., smallest 
whole numbers a 3 5 5 19 34+34+345+4+5 


It is obvious that 12% acid could not be made by mixing 4, 7, and 10% 
acids in any proportions and this is also true of mixing 15 and 18% acids, 
hence the dashes in the spaces as shown. The calculations at the right 
of the table give the figures in the other spaces which readily indicate 
the parts for mixing any two acids (e. g., 3 parts of 4% acid mixed with 
8 parts of 15% acid give 3 + 8 = 11 parts of 12% acid) and likewise the 
numbers in the last row (3, 3, 3, 5, 5) give the relative quantities in 
smallest whole numbers of the acid as indicated by the numbers (%) at 
the tops of the columns which should be used and the relative quantity of 
12% acid obtained (19). 

For convenience in measuring these, parts by weight (grams, say) may 
be changed to parts by volume (cc.) by dividing each by its corresponding 
specific gravity. These specific gravities may be obtained directly or by 
interpolation in tables such as are given in the ‘‘Handbook of Chemistry 
and Physics,’ Chemical Rubber Co., Cleveland, Ohio. 


Given Desired 
110 111 112 118 114 115 116 112.4 
Rae ge ES tee 2.4 2.4 2.4 2.4 Re 112.4 — 110 
1 eRe aa ne eee etier ae eA 1.41.41.4 1.4 3 112.4 — 111 
Egos t- com are eae es 0.4 0.4 0.4 0.4 it 112.4 — 112 
113 0.6 0.6 0.6 113 — 112.4 
114 FG TG Soa en ance .. 114-— 112.4 
115 DG Ee See 8 Pe te .. 115 — 112.4 
116 3.63.6 3.6 . Ys 116 — 112.4 
Parts by wt. 8.4 8.4 8.4 4.2 4.2 4.2 4.2 42 
Parts by wt., rela- 
ye mice nee. 2 S62 eee 1 10 =24+2+2+1+1+1+1 
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In an exactly similar way the relative numbers of atoms of the various 
isotopes which go to make up the “average” atomic weight may be cal- 
culated. 

3. What are the proportions of the various isotopes of cadmium which 
give the atomic weight 112.4? The atomic weights of the isotopes are 
given as 110, 111, 112, 113, 114, 115, and 116. 

The dashes are placed where it is obvious mixtures of two such isotopes 
could not give the atomic weight, 112.4. The numbers for the other 
spaces are obtained as indicated at the right of the table. The last row 
shows that a mixture of 10 atoms of twoeach of 110, 111, and 112 and one 
each of 113, 114, 115, and 116 atomic weight, respectively, give the desired 
ratio. 

Adjustments of normalities of solutions may be made quite reasonably 
accurate even by measuring by volumes instead of by weight. 

4. How much 0.1012 N solution must be added to 1000 cc. of 0.5009 
N solution to make N/5 solution? 


Given Wanted 

Normality 0.1012 N 0.5009 V 0.2000 NV 
0.1012 ees 0.0988 

0.5009 0.3009 pure 

Parts by vol. 3009 988 

X-ce. 1000 ce. 
8009 X 1000 
X = ee cae 3045.5 cc. 


Where water is used in adjusting solutions the concentration of active 
reagent in it would be indicated as 0. For example, if water is used in 
place of one of the acids in problem 2 the strength of the acid is 0.0 per cent. 
In problem 4 if water is used in place of the 0.1012N solution 0.0N should 
be substituted for 0.1012N. Otherwise the calculation for the desired 
quantity would be carried out as indicated. 

H. V. HousEMAN 


MENLO JUNIOR COLLEGE 
MENLO Park, CALIFORNIA 


BALANCING CHEMICAL EQUATIONS 


DeEAR EDITOR: 

I have been following the discussion of balancing chemical equations 
in the recent issues of the JouRNAL oF CHEMICAL EpuCcATION with rather 
keen interest. May I offer a few comments for publication? 

A chemical equation is not only the shorthand writing of the chemist, 
but it should be a mental picture of an actual reaction. To the observant 
investigator, the equation should immediately remind him as to the 
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physical nature and properties of the reactants, viz., color, state, etc., as 
well as the chemical result and its physical nature. Thus, a great deal 
of significance should be attached to the writing of chemical equations. 

Within comparatively recent times there has been a worthwhile effort 
to show the student of chemistry the theory involved in balancing oxida- 
tion-reduction reactions. To make such practice a mere mathematical 
exercise in algebra, because it works, is to defeat this advancement in 
pedagogy and to put us back many years. Such is the method suggested 
by Mr. Endslow in the December, 1931, issue. 

Mr. Menschutkin’s way of balancing an oxidation-reduction equation 
involving nitric acid, for example, as given in the March, 1932, issue, is 
old and—according to modern conceptions—not the correct statement of 
how the reaction progresses. In the first edition of Baskerville and 
Curtman’s ‘‘A Course in Qualitative Chemical Analysis’? (1911, The 
Macmillan Co., New York City), this method is proposed. No doubt 
others preceded them. 

In the February, 1932, issue of the JOURNAL, Mr. Earl Otto offers lengthy 
notes on this topic. The method he suggests, commonly known as the 
‘‘valence-change’’ method, has been used rather widely lately, because it 
shows not only what elements change valence in the reaction, but to 
what extent. From the quantitative information the equation is balanced. 
However, there is an objection to this method, because it entirely ignores 
the fact that ions are reacting and changing. While for molecular equa- 
tions it is undoubtedly the best method known, there is still a better one, 
the “‘ion-electron’”’ method, for ionic reactions. Of course, if the balancing 
of the equation is the only object sought, then any method which accom- 
plishes this should be considered suitable. But if one wants to know 
something more than just the final result, a method which tells how the 
reaction progresses will be much more valuable. 

At the present time I know of no better way of following and balancing 
an oxidation-reduction reaction involving ions than the ion-electron 
method. Not only is the equation eventually balanced, but the actual 
ions involved in the reaction and how much of each are indicated. More- 
over, for certain types of reactions, such as NagS,O3 + Is, it is difficult to 
write the balanced equation by the valence-change method unless partial 
valences of elements are assumed, while no such difficulty is encountered 
by the ion-electron method. I would suggest that any one interested in 
the working of this method refer to Curtman’s ‘‘Qualitative Chemical 
Analysis’ (1913, The Macmillan Co., New York City), in which a large 
number of oxidation-reduction reactions are written in balanced equation 


form. A discussion of the method and its advantages is also given. 
Leo LEHRMAN 


THE COLLEGE OF THE CiTy oF NEw YORK 








Abstracts 


KEEPING UP WITH CHEMISTRY 


Silicon, the element of a thousand uses. A. VIEHOEVER. Am. J. Pharm., 104, 
107-49 (Feb., 1932).—A Popular Science Talk (1931 Season), Phila. Coll. of Pharm. and 
Science. The theme might suggest a dull enumeration of many uses of this element. 
It is a fascinating discussion of the significance of silicon in the mineral, vegetable, and 
animal kingdoms; in industry; inthe home. In this lecture we are brought face to face 
with nature’s resourcefulness and man’s ingenuity. In the primitive period man 
made use of the natural supplies of silicon without changing their nature. In the adap- 
tive period man modified these raw materials to suit his needs; thus he made bricks, 
pottery, tile from clay; glass from sand, soda, or plant ash, at least several thousand 
years before Christ’s birth. In the creative period he finally produced materials greatly 
different from the natural supplies. The most important abrasive material is not found 
in nature, but manufactured by man—carborundum. Duriron is a remarkable ma- 
terial for acid-proof equipment and apparatus. It is iron containing 14.5% silicon. 
The late war, responsible for so much tragedy, has left in its track also some monuments 
of achievement; one for instance, the industrial development of silica gel, an artificial 
product made from water glass (sodium silicate) precipitated as a gel by acid, then dried. 
This substance has been introduced into processes of dehydration, air conditioning, re- 
frigeration, refining, and catalysis. Using silica gel instead of asbestos as a carrier in 
the contact process of manufacturing sulfuric acid, about one-fourth the amount of 
platinum is required per ton of acid per day, and no renewal was required in two years. 

O 


Silicates and whiteness. ANon. Silicate P’s & (Q’s, 12, 1-2 (Feb., 1932).— 
Samples of cloth shaken with such finely divided solids as lampblack or ferric oxide, come 
out of the water mixture with the solid so firmly attached that it cannot be removed by 
water alone. If the water contains as much as 0.2% of silica as soluble silicate the ad- 
sorption is greatly lessened. Long experience has shown that clothes washed in silicate 
cleansers have better color than when silicate is not used. Be. 1B: 

The barium industry. W. Tranton. Chem. & IJnd., 51, 5-8 (Jan. 1, 1932).— 
The two chief raw materials in the barium industry are witherite and barytes. The 
largest witherite mine is in England, it has an annual production of about 10,000 tons 
of high-grade materia! containing about 96% barium carbonate. The largest deposits 
of barytes are in Germany, the deposits in the Hartz mountains being about 98% barium 
sulfate. The annual production of barytes in America of about 70,000 tons is protected 
by a tariff, still 30,000 tons is annually imported from Germany. Barium sulfate is an 
important material in the manufacture of paint, rubber, paper, textiles, and in the 
manufacturing chemical industries. Barium carbonate is usually converted to the oxide, 
then to the peroxide to be used in the manufacture of hydrogen peroxide, the barium 
finally being converted to barium sulfate. ER, 

Vitamin chart. W. Weston. Ind. Eng. Chem., News Ed., 10, 30-1 (Feb. 10, 
1932).—This chart covers the functions in the body, results of deficiency or absence, 
artificial concentrates, and sources of vitamins A, B, C, D, E, and G G. W. S. 

Pectography and the constitution of colloidal solutions. E.S. Hepcres. Chem. 
& Ind., 51, 25-6 (Jan. 8, 1932).—The deposits left after the dispersion medium has been 
removed from a sol or a gel may have a definite structure or pattern. These patterns are 
called pectographs. They may be formed by allowing a sol to evaporate at 50 to 60°C. 
from a narrow beaker in which a microscope slide rests in a position slightly inclined from 
the vertical. The study of these patterns, pectography, throws important light on the 
constitution of colloidal solutions. E. R. W. 

Physico-chemico processes in colloidal media. E. S. Hepcrs. Chem. Age, 26, 
34 (Jan. 2, 1932).—The raw material used in chemical industries is often of colloidal 
nature. Most colloidal solutions or sols contain some of the disperse phase in true or 
molecular solution. A colloid can therefore act as a reservoir for the continuous supply 
of some molecular or ionic agent at low concentrations. Diffusion experiments bear 
this out. The presence of different kinds and amounts of colloids modifies the size and 
often the shape of crystals formed by chemical reaction or by evaporation. E.R. W. 

The preparation of emulsions. W. Crayton. Chem. Age, 26, 71-2 (Jan. 23, 
1932).—A stable emulsion of two pure materials cannot be prepared. The third ma- 
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terial, necessary for a stable emulsion, may be any one of a large number of materials, 
anything which will aid in film formation. Some of these emulsifying agents promote 
the formation of oil-in-water emulsions, others of water-in-oil emulsions. In preparing 
emulsions intermittent shaking is more effective than continuous shaking. In general 
it is better to introduce the disperse phase in as fine a state of subdivision as possible di- 
rectly into the dispersion medium which should be kept as continuous as possible. It 
is better not to allow the disperse phase to come into contact with air before being intro- 
duced into the liquid medium. E.R. W. 
High-chromium steels in the chemical industry. F.M. Becket. Chem. & Ind., 
51, 49-52 (Jan. 15, 1932).—Because chromium is peculiarly capable of acquiring and 
maintaining the passive state under oxidizing conditions it is used in relatively high per- 
centages in “‘stainless steels.’”’ In contrast with chromium, nickel is resistant to attack 
under reducing conditions. A combination steel containing 18% chromium and 8% 
nickel, with about 0.15% carbon has been found to be a very useful alloy. Higher carbon 
content increases the suddenness of the quench from high temperatures necessary to ob- 
tain stainlessness, and thus increases the hardness and limits the use of such steels. 
E. R. W. 
Fungous friends and foes. M.S. Dunn. Am. J. Pharm., 103, 711-42 (Dec., 
1931).—Most of us are aware of the common examples of fungi; but few realize the ex- 
tent of fungal infections of plants, or that diseases in man and animals are caused some- 
times by various fungi, or that some drugs have their origin in the little bodies developed 
by certain of these plants during their life history. In this Popular Science Talk of the 
Phila. Coll. of Pharm. and Sci., Mr. Dunn presents these fungal infections of plants and 
the various chemical compounds that have been developed to combat them. He dis- 
cusses the few fungi known to parasitize animal life including man, as ringworm and 
thrush, and explains how ergota U.S.P. is developed in the rye plant by a certain fungus 
during a part of its life history. Alcohol fermentation, gluconic acid (whose calcium salt 
is proving of value in calcium therapy), and diastase are all produced by certain of these 
organisms. G. O 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES 


Why wave mechanics? F. M. Denton. Sci. Mo., 34, 195-210 (Mar., 1932).— 
The paper is a discussion of the scientific method, based on a brief review of the out- 
standing theories of physical science since the time of Newton. In order to explain 
electrical phenomena, Maxwell invented the electromagnetic theory. In this theory the 
velocity of light is constant, in Newton’s it ought to be variable. Einstein invented his 
theory of relativity to reconcile the behavior of light with that of moving things. In 
many phenomena, light seemed like particles rather than waves. Planck’s quantum 
theory but poorly patched up these differences. Physicists began to follow two lines 
of theory about light, which were mutually contradictory. Out of the struggle have 
come the group of theories known as wave mechanics. 

Intelligent reasoning demands continuity. We reason by thoughts and thoughts 
grow out of memory. Complete knowledge would provide a continuity of the conse- 
quences of a given set of conditions. Einstein’s theory removes the guesswork as to 
the velocity of light but it has left science with the question as to whether light is a wave 
in the continuum or a hail of bullets, whether electrons are the particles they were once 
thought to be or waves. Discontinuity means ignorance or uncertainty. In Heisinger’s 
theory, Planck’s constant ‘‘h’’ becomes a measure of inaccuracy. There must always be 
a probable error of the magnitude h. Such an error is negligible in big events but be- 
comes the ‘“‘whole thing’”’ in events that go on inside the atom. Since science defines as 
real, the unambiguously measurable, and since the velocity of an electron, when in a 
given position in its orbit, is not measurable, it follows that an electron cannot possess 
simultaneously both position and velocity. Complete knowledge of the non-living physi- 
cal world, however, is not forbidden. If it were reached the mind would then be freed 
for the development of the more real world of the spirit. Although human progress has 
always been by steps and each step false in content, it has been true in trend and progress 
has been real. G. W. S. 


HISTORICAL AND BIOGRAPHICAL 


Josiah P. Cooke. (Frontispiece of May, 1932, J. CHEM. Epuc.) (1) NEWELL, 
Lyman C., ‘‘Dictionary of American Biography,” IV, p. 387; (2) NEWELL, Lyman C., 
AND TENNEY L. Davis, ‘‘Notable New England Chemists,’’ Swampscott, Mass. (1928) 
(reprint available from latter author); (3) JAcKSON, CHARLES LovinG, and others, Proc. 
Am. Acad. Arts. & Sci., vol. XXX (1895), pp. 513-47 (addresses in commemoration of 
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Josiah Parsons Cooke). Other references are: ‘‘‘Nat. Acad. Sci., Biog. Memoirs,” 
IV (1877-1909), pp. 175-83; Pop. Sci. Mo., X (1877), pp. 491-5; Am. Chem. J., xvi, 
pp. 566-8; Harvard Graduates’ Mag., III (1894-95), pp. 195-7. L. C.N. 

Albertus Magnus: His scientific views. T. GREENWoop. Nature, 129, 266-8 
(Feb. 20, 1932).—In a “‘Decretal Letter” published on January 14, 1932, Pope Pius XI 
points out that Albert the Great (1206-1280) was not only a lover of God, a pastor of 
souls, and a master of the sacred sciences, but also a pioneer in secular knowledge. He 
wrote on all fields of science, applied arts, and architecture, and the extent of his work 
is shown by the fact that the modern edition of his writings makes thirty-eight thick 
quarto volumes. One of his services was to bring natural science into the church, 
whereas it had been previously only in the hands of the unbelievers—a very distinct 
forward movement in thought. 

The article speaks of his astronomical, biological, and philosophical beliefs, but his 
knowledge of alchemy is of more interest tous. He described accurately the preparation 
of nitric acid, giving its principal properties, such as the oxidation of metals and the 
separation of gold from silver. By mixing this nitric acid with sal ammoniac he must 
have obtained ‘‘aqua regia.” 

Albert distinguished four ‘‘metallic spirits,” mercury, sulfur, orpiment, and sal am- 
moniac, which could all be used to stain metals. He warned us that the gold or silver 
of the alchemist is not pure gold or silver. Contrary to others of the time he did not be- 
lieve in the actuality of the transmutation of metals. Thus hesays: ‘‘Alchemy cannot 
change metals, but can only imitate them. I have tested alchemistic gold, but after six 
or seven heatings it is burned and reduced to ashes.’’ He used the term “‘affinitas” in 
his treatise, “‘De Rebus Metallicis.”” Thus he said, ‘‘sulfur blackens silver and generally 
burns all metals because of its natural affinity with them.”’ He was the first to call 
sulfate of iron “‘vitreolum’’ and his treatise, ‘De Alchimia,” gives a picture of the state of 
chemistry and alchemy in the Middle Ages. 

The history of science must give due credit to the enormous amount of ae, in 
all fields which was collected by this churchman. F. B. 

John Mayow’s place in chemistry. ANon. Nature, 129, 157-8 (Jan. 30, po 
This is a résumé of a paper by Professor T. S. Patterson, entitled ‘“‘John Mayow in Con- 
temporary Setting: A Contribution to the History of Respiration and Combustion,” 
which appears in volume 15 of Isis (Feb.-Sept., 1931). Cf. J. Cuem. Epuc., 9, 760 
(Apr., 1932). 

According to the investigation of Professor Patterson, the work of Mayow has been 
greatly over-estimated by a number of modern writers, and this has been brought about 
by: (1) greatly exaggerating the resemblance of Mayow’s views to our own, (2) reading 
into his statements ideas that were not in his mind, (3) crediting him with the discoveries 
and views of others, (4) depending upon what has been written about him rather than 
upon what he wrote. In short, Mr. Patterson thinks that most of the ideas and experi- 
mental results put forth by Mayow had appeared before. Mayow attributed the in- 
crease of weight on calcination of antimony (an idea which is not extended to other met- 
als) to combination with igneo-aerial particles, but this was merely the adoption of a 
notion already published by Boyle. Finally Mr. Patterson says that Mayow’s so-called 
“discovery of oxygen’ was not forgotten, but was never made. This is an interesting 
criticism of Mayow’s work and, if true, chemists do not need to apologize for the long 
hiatus between the publication ‘of Mayow’s works (1668 and 1674) and of 6% s and 
Priestley’s discovery of oxygen. an 

Hydrogen liquefaction plant at the Royal Society Mond Laboratory. . ee 
AND J. D. Cocxcrortr. Nature, 129, 224-6 (Feb. 13, 1932).—This is a description of an 
apparatus for liquefying hydrogen, which differs from the present ones in that it allows 
hydrogen of a lower degree of purity than the normal to be used for liquefaction. It 
depends upon the use of a second circuit in which ordinary commercial hydrogen is used. 
This is cooled down to the temperature of liquid nitrogen and then to the temperature 
of liquid hydrogen. The impurities are condensed, giving a hydrogen which can be 
later liquefied and which is free from these impurities. The authors have worked out 
a more efficient container for liquid hydrogen which, by means of the ingenious use of 
liquid air, lessens the radiation losses from the liquid hydrogen. F. B. D. 

A newly discovered note by Lavoisier from October 20, 1772. M. Sprter. Z. 
angew. Chem., 45, 104-7 (Jan. 30, 1932).—This note, written previous to Lavoisier’s 
well-known note of Nov. 1, 1772, is listed as number 1308D in the Lavoisier collection 
of the Academy of Sciences in Paris. It was written on five folio pages and has been 
constantly overlooked by Lavoisier’s biographers. It is entitled “Dissertation on the 
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Acid of Phosphorus and Its Compounds with Various Salty, Earthy, and Metallic Sub- 
stances.” L. S. 
The history of quinine. CHas. H. LaAWaLL. Am. J. Pharm., 104, 2443 (Jan., 
1932).—The history of quinine has never been recorded, for it burst upon the medical 
and pharmaceutical world with such suddenness that few have ever taken the trouble 
to investigate the whole story. Its discovery is traced to an Indian medicine man in 
Peru who taught a Jesuit missionary the use of the drug cinchona. Linnaeus gave the 
name cinchona to the genus in honor of the countess of Chinchon who was cured of a 
fever by the bark. The native name, quinia-quinia means ‘‘bark of barks.” Its intro- 
duction into Europe was followed by a hectic controversial period in which religious 
prejudice was a factor. The drug was introduced into England in 1655, but not of- 
ficially adopted in the London Pharmacopeeia until 1677. By the beginning of the eight- 
eenth century much of the prejudice against cinchona had disappeared. Joseph Pelletier 
and Caventou, two French pharmacists, investigated the properties of cinchona and 
discovered quinine in 1820. The manufacture of quinine commenced in Europe im- 
mediately after its discovery; the manufacture in America was begun in Philadelphia 
by Farr and Kunzi as early as 1823, with quinine sulfate selling for $16 per ounce. The 
greatest manufacturing center in the world today is now in Java, and the price has been 
as low as 20¢ an ounce. Until 1885 the chief antipyretic in use in medicine was quinine. 
Then appeared acetanalid, antipyrin, phenacetin, and later aspirin, and more recently 
cinchophen, the only one related to quinine in molecular structure, but lacking all the 
valuable properties of quinine. No history of quinine would be complete without a 
discussion of its effectiveness in malaria. The closing portion of this story deals with 
the medical men who found the cause and cure of malaria. Many men appear in this 
history, but none of them stand out in such bold relief as Pelletier and Caventou whose 
unselfish work for the love of scientific discovery and scientific accuracy were remarkable 
for their time. G. O. 
The mandragora. Epir. Am. J. Pharm., 104, 79-82 (Feb., 1932).—This is the 
most famous plant in all history, filling a place in materia medica and outrivaling any 
other drug, not excepting opium. Its annals appear in art, literature, science, medicine, 
pharmacy, legend, and lore. Among drugs it is the ‘““Father of Medicine.”” The drug 
appears in the first Pharmacopoeia (1546) and follows through until the 19th century 
when its use as a remedial agent declined because;other drugs like belladonna supplanted 
it. Ina larger part, however, its decline was brought about because it had received a 
“bad name.’ It had been surrounded by too much magic and superstition. The 
pharmacy of mandragora forms a long and interesting story. There are infusions, oils, 
ointments, and plastics; pastes and honeys; tablets, pills, and confections. In medicine 
it occupies its legitimate place as a narcotic solanum. It was applied externally for its 
cooling and soothing effects. It was used in erysipelas and in maladies accompanied by 
inflammation. Taken inwardly, it was employed for various ailments. It was even 
employed in mental disorders, especially melancholia. Outstanding among its uses is 
its place as an anesthetic. It was the sole anesthetic until the advent of ether and chloro- 
form. If our present narcotics were wiped from the face of the earth, the mandragora 
plant could fill their place. Perhaps then we are discarding a valuable adjunct to our 
therapeutic agents. G. O. 


PROFESSIONAL 


College and university teaching. H.L. Dopcr. Bull. Am. Assoc. Univ. Profs., 
18, 24-8 (Jan., 1932).—The proposed survey undertaken by the American Association 
of University Professors with a view of improving teaching will endeavor to cover the 
following topics. ‘‘(1) Recommendation as to methods for the improvement of college 
teaching, if they are to be really effective, must come from the teachers themselves. 
They are the ones most concerned with the improvement. Recommendations from 
sources other than their own group are naturally apt to be received with skepticism and 
an adverse reaction. (2) The inquiry and recommendations should be based on a 
study of the existing facts as ascertained primarily through field studies: (a) from sur- 
veys in certain fields of teaching already made by organizations; (b) from college teach- 
ers; (c) from administrative officers and from departments of education; (d) from stu- 
dents; (e) from recent graduates. (3) The scope of the inquiry may be indicated by 
giving the following outline of some general questions which should be answered by such 
a self-survey. 

“I. What constitutes effective college teaching? (a) Objectives, (6) methods, 
(c) measurement of results. 
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“TI. How can good teaching be differentiated from poor teaching? (a) Bya regular 
system of student ratings? (b) by some form of general examinations conducted in whol 
or in part by external examiners? (c) by securing evaluations from students or from 
recent graduates? (d) by some form of interscholastic intellectual competition? (e) 
by some other forms of objective appraisal? ; 

“III. How can incentives to good teaching be increased? (a) Promotions for good 
teaching on an equal basis with proficiency in research? (b) special salary provisions for 
especially good teachers? (c) possible methods of giving special distinction among cdl. 
leagues? 

“IV. Improvements in the methods of teaching: (a) better recruiting of the pro- 
fession, (b) closer supervision of the work of younger instructors by heads of depart- 
ments and others, (c) courses on methods of teaching in the graduate schools, (d) de- 
velopment of practice teaching (under supervision) by assistants and teaching fellows 
during their careers as graduate students, (e) reduction in the weekly teaching load. 

“V. Relation of teaching and research: (a) should a differentiation be made be- 
tween research men and teachers in college faculties? (>) relation of outside activities 
to the quality of teaching, (c) possible use of sabbatical years as a means of improving 
quality of teaching rather than for doing research work. 

“VI. What experiments in the field of improved teaching technic are proving most 
successful? An inquiry into the methods and the results obtained at institutions which 
have been conducting such experiments. In evaluation of these results by a group of 
outstanding professors representing various fields of scholarship and a variety of insti- 
tutions.” H: Ts 

The advancement of teaching. W.B. Munro. Bull. Am. Assoc. Univ. Profs, 
18, 6-17 (Jan., 1932).—Improvement in the competence and standards of any pro- 
fession, if it is to be enduring, must be self-initiated. Therefore, the American Associa- 
tion of University Professors is undertaking to study the problem of the advancement of 
teaching. Some of the factors involved ina solution of the problem are indicated in the 
following. (1) The expansion of student enrolment. The quality of instruction is, in 
part, dependent on the material that invades the classroom. The number of students 
in the university now is about twice the number when the war ended. While colleges 
like to think that the reason for this extraordinary expansion is to be found in a new 
evaluation of higher learning by American youth, it may be mentioned that the resort 
of youth to colleges is a reflection of‘economic resources. Higher earnings during the 
past decade have pushed many families into the college eligibility class. This expan- 
sion in student body has brought with it a decrease in intellectual quality and to this 
extent has increased the difficulty of instruction. (2) The growth and dilution of the 
teaching staff. The increase in the student body has necessitated an increase in the 
teaching staff. This increase came at a time when competition for young men was keen, 
and resulted in a lowering of the quality of young instructors. The salary paid does not 
compare with that obtaining in other professions, and, as long as this exists, the teaching 
profession cannot attract the best young men. (3) The tenure question. Security of 
tenure is the bulwark of independence of teaching and is most vital in maintaining the 
standards of the teaching profession. The insecure teacher is bound to teach to please 
his superior. (4) Experiments in improved methods of teaching. The great mass of 
experiments looking toward improved methods of teaching may be grouped under three 
heads: (a) those seeking to integrate instruction, (b) those seeking to individualize 
instruction, and (c) those seeking to do both by the same process. An unbiased 
evaluation of the results of these experiments is needed. H. T. B. 

Does research bring disrespect? W. W. KemMERER. Sch. Exec. Mag., 51, 
258-9 (Feb., 1932).—The chief cause of lack of respect for the teaching profession is to 
be found in the history of education, and the present generation of teachers have over- 
come much of it. To blame such lack of respect on intelligence tests and research leaves 
the impression of an alibi and might be classed as rationalism. Research has made a 

science of education. Developments of instruments of measurement have greatly aided 
research. The abuse of intelligence tests by those none too well versed in the implica- 
tions of their results is all that needs to be fought. The answer to research study may 
be yes, no, maybe, or it doesn’t make any difference, and still be entirely worth while and 
significant. ; 
The teaching profession must both follow the path of public opinion and form public 
opinion. True peace can be found best in a battle won in expectation of other battles 
to come. . WE 
The American college president. H. J. Lasxi. Harpers’, 164, 311-20 (Feb., 
1932).—The general conception of a college president is that of a superman. He is 
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expected to be a skilful executive, a good judge of academic reputation, sufficiently 
aware of academic developments to know which require financial emphasis, an ef- 
fective beggar among rich men, and a person of such standing in the general community 
as to win respect for the university by the public pronouncements he makes. The evi- 
dence suggests that such is the exception and not the rule. 

It is argued that a university president of the American type is an undesirable 
feature in academic life, on the grounds that as a governmental institution the power he 
embodies is only dubiously helpful to the purposes of the university; his position in re- 
lation to a company of scholars does not develop the best results from their qualities; he 
is a definite hindrance, especially under American conditions, to that academic freedom 
without which no university can fulfil its proper function. J. W. H. 


INDIC34! 


AMERICAN CHEMICAL SOCIETY HONORS DR. CHARLES L. PARSONS 


Dr. Charles L. Parsons of Washington, D. C., business manager and secretary 
of the American Chemical Society and consulting chemist, has been awarded the Priestley 
Medal, the highest honor the Society can bestow, at its meeting in New Orleans. Dr. 
Parsons is the holder of a number of scientific degrees and honors. During the World 
War he acted as chief investigator in Europe of the nitrogen situation and his report 
was adopted by the War Department as the basis of the American national policy.— 
Science Service 


IAA9 jC! 


YOUNG HARVARD CHEMIST GETS LANGMUIR AWARD 


The 1932 genius of chemistry, as designated by the American Chemical Society, 
is Dr. Oscar Rice of Harvard University. Dr. Rice is the winner of this year’s Langmuir 
award of one thousand dollars as the most promising young chemist in North America, 
man or woman, under thirty years of age, and in recognition of accomplishment of out- 
standing research in pure chemistry. Dr. Rice’s work has involved the application of 
modern theories of physics to chemical problems, including the application of quantum 
mechanics to reactions between gases, and of modern theories of statistics to the study of 
metals and electro-capillarity. His personality has been likened to that of Einstein.— 
Science Service 


INDICA! 


NO CHEMICAL ELEMENTS HEAVIER THAN URANIUM, SCIENTIST 
CONCLUDES 


Hope that there are more than the 92 chemical elements now known is not bolstered 
up by theoretical studies made by Dr. V. V. Narliker, University of Cambridge (En- 
gland) scientist. Investigating the highest atomic number in the light of wave mechanics, 
Dr. Narliker finds that the highest possible atomic number seems to be 92, that of 
uranium, heaviest known element, and not 137 as previous studies had suggested. 
His report was made to Nature.—Science Service 
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NEW SCIENCE HALL AT FAIRMONT STATE TEACHERS COLLEGE 


HAROLD F. ROGERS, FAIRMONT STATE TEACHERS COLLEGE, FAIRMONT, WEsT Vircinia 


Fairmont State Teachers College was 
founded in 1866 in response to an urgent 
need in West Virginia for the training of 
more competent elementary teachers. 
As a State Normal School, the institution 


training of teachers is recognized in the 
building and equipping of a new Science 
Hall costing more than $200,000. 

The dedication of this hall occurred 
March 3. Dr. O. E. JENNINGS, professor 

















has played an important part in the de- 
velopment of education in the state. 
Since 1913, and the beginning of the 
presidency of JosepH Rosier, the institu- 
tion has been entirely of collegiate grade, 
and always has had the single purpose of 
preparing teachers. There are courses 
offered in preparation for teachers of the 
grades, for high-school teachers in various 
teaching fields, and for school adminis- 
trators. 

The importance of the physical and 
biological sciences as a part of the general 


of botany of the University of Pittsburgh, 
delivered the dedicatory address entitled 
“Science and Education.” Fraternal 
greetings were given by DEAN EARL 
HupbeEtson of the college of education, 
West Virginia University, and Dr. P. D. 
STRAUSBAUGH, of West Virginia Uni- 
versity, who is president of the West 
Virginia Academy of Scierce. 

The new building corresponds archi- 
tecturally with the other buildings of the 
college. It is of gray brick and stone, 
and fireproof throughout. It is three 
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ORGANIC CHEMISTRY LABORATORY 


stories high, 205 feet long by 63 feet wide. 
The building houses the departments of 
home economics, biology, chemistry and 
physics. Practically all of the third floor 
is devoted to chemistry, providing sepa- 
rate laboratories for general, analytical, 
organic, and physical chemistry, a central 
storeroom, two lecture rooms with prepa- 
ration rooms and offices adjoining a 
library and conference room, three dark 
rooms, and several small individual labo- 
ratories. 

The general chemistry laboratory is 
provided with six three-section tables, 
having each thirty student desks, with 
tops of alberene stone, and down-draft 
hoods. Fans for operating hoods are in 
the attic. A preparation room with 
service window opens into this laboratory, 
and there also is a dark room with spectro- 
scope equipment. Balance tables are 
placed at both ends of the laboratory. 

The transite wall hoods in the various 
laboratories are of the open type with 
drying compartments below. The sink 





GENERAL CHEMISTRY LECTURE RooM 
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drainage pipes are of Duriron. The floors 
of all laboratories are of mastic, the 
corridors of Terrazzo, and the stairs of 
iron. The building is especially well 
lighted with large windows commanding 
magnificent views in all directions from 
the hilltop location of the college. 


APPROPRIATIONS FOR GRANTS- 
IN-AID BY THE NATIONAL RE- 
SEARCH COUNCIL 


According to Science, at its meeting 
in February the National Research Coun- 
cil’s Committee on Grants-in-Aid made 
twenty-four grants for the support of 
research. The awards to those working 
in physics and chemistry follow: 

Car_ E. Howe, associate professor of 
physics, Oberlin College, for the measure- 
ment of wave-lengths of X-rays; JAKOB 
Kunz, professor of theoretical physics, 
and J. T. TyKocINER, research professor 
of electrical engineering, University of 
Illinois, for studies of the photoelectric 
effects of alkali vapor and films and a 
velocity selector for molecular rays. 

W. C. Austin, professor of physiological 
chemistry, Loyola University School of 
Medicine, Chicago, for investigations on 
the transformation of aribose to ribose; 
WALTER L. BapcER, professor of chemical 
engineering, University of Michigan, for 
investigations on the effect of viscosity 
on the heat transfer coefficients between 
metals and boiling liquids; HARoip 
HIBBERT, professor of industrial and 
cellulose chemistry, McGill University, 
Montreal, for research on plant synthesis 
and immunology; I. M. Ko.LtHorr, 
professor of analytical chemistry, Uni- 
versity of Minnesota, for investigations 
on the internal structural changes taking 
place in a freshly prepared crystalline 
precipitate on standing; CHARLES P. 
SMYTH, associate professor of chemistry, 
Princeton University, for research on 
the dielectric constants of gases. 

ALFRED CHANUTIN, professor of bio- 
chemistry, University of Virginia, for 
research on the effect of diet in the par- 
tially nephrectomized rat; Davin M. 
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GREENBERG, associate professor of bio- 
chemistry, University of California, for 
research on the biochemistry of magne- 
sium. 


50,000 SCHOLARSHIPS IN UNITED 
STATES 


Information regarding scholarships and 
fellowships available at institutions of 
higher learning in the United States, 
which is of vital interest to many thou- 
sands of students who need financial 
assistance to enable them to complete 
their education, is contained in a new 
bulletin of the Federal Office of Educa- 
tion (see page 970 of this issue). The 
publication, prepared by Etta B. Rart- 
CLIFFE, chief educational assistant in the 
division of colleges and _ professional 
schools, lists the scholarship offerings at 
402 colleges and universities. More than 
50,000 scholarships and fellowships are 
available annually in the United States, 
it is estimated. The total money value 
of the grants is approximately $10,000,000. 

Twenty-two states now furnish, by 
legislative enactment to institutions in 
the state, some sort of scholarship aid, the 
new Office of Education handbook of 
financial aid for higher education points 
out. These states are Arizona, Cali- 
fornia, Delaware, Florida, Illinois, Indi- 
ana, Iowa, Kentucky, Maryland, Mon- 
tana, New Jersey, New York, North Caro- 
lina, Ohio, Pennsylvania, Rhode Island, 
South Carolina, South Dakota, Utah, 
Vermont, Virginia, and Wisconsin. 

Undergraduate grants as well as gradu- 
ate aids are listed in the bulletin. Schol- 
arships are indexed by subject, state, and 
institution. The annual money value of 
scholarships and fellowships, whether ser- 
vice is required, the number of grants 
awarded to men or women, and negro 
scholarships are also included in the list- 
ings. ; 

“Various states, institutions, alumni, 
patriotic societies, women’s clubs, indus- 
trial organizations, churches, and _ indi- 
viduals annually give large sums of money 
to provide opportunities for higher educa- 
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tion,’”’ Miss Ratcliffe points out in the 
bulletin. ‘‘The donation of funds for 
scholarship purposes is a form of philan- 
thropy which has gained impetus since 
the World War when a greater desire for 
college and university training was eyj- 
denced. 

“Scholarships offered in 1927 and 1928 
ranged in value from less than $50 to 
$2500. The greatest number of scholar- 
ships and fellowships were reported as 
ranging from $50 to $300 a year. 

“Only a few of the older colleges in the 
East record scholarships a century or two 
old,’”’ the bulletin discloses. ‘‘Harvard 
University has one nearly 300 years old, 
a scholarship given by Lady Mowlson of 
London, England, in 1643, when Harvard 
was only seven years old.” 


WORLD-WIDE STUDY OF COSMIC 
RAYS BEGUN 


A world-wide campaign for more knowl- 
edge about the little-understood cosmic 
radiation, whose rays are the most pene- 
trating known, was 
begun when Dr. 
ARTHUR H. Comp- 
TON of the Univer- 
sity of Chicago, 
noted physicist, re- 
cently went to Pan- 
ama to start the first 
investigations. 

In Panama Dr. 
Compton will climb 
Mt. Chico to measure the rays with a new 
instrument. | He will then go to Huancayo 
in Peru, Mt. Cook in New Zealand, Mt. 
Kosciusko in Australia, Mauna Loa in 
Hawaii, and Mt. McKinley in Alaska. 
Mrs. Compton and a fourteen-year-old 
son, ARTHUR ALAN, will accompany him 
on this trip around the world. 

When Dr. Compton returns next sum- 
mer he will hear reports from three other 
parties, one of which will work in Pata- 
gonia and Chile, the second in South 
Africa, and the third in India, Ceylon, 
Straits Settlements, and Java. It is ex- 
pected that tests at altitudes of 20,000 
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feet and higher will be made. Negotia- 
tions are also under way for observations 
in the polar regions.—Science Service 


THE WASHINGTON AWARD TO 
W. D. COOLIDGE 


The Washington Award for 1932, ‘‘in 
recognition of devoted, unselfish, and 
preéminent service in advancing human 
progress,” was presented, according to 
Science, to Dr. W1LL1AM Davin CooLincE, 
associate director of research in the 
laboratory of the General Electric Com- 
pany at Schenectady, following a dinner 
and reception on February 24 at the 





Hotel Sherman, Chicago. Dr. Coolidge 
is the eleventh to be so honored by the 
Washington Award Commission, the first 
presentation being to PRESIDENT HOOVER 
in 1919. Dr. HARRY WoopBURN CHASE, 
president of the University of Illinois, 
delivered the principal address of the 
evening, evaluating the importance of 
research in the present social order. 
Among the best-known contributions 
of Dr. Coolidge are ductile tungsten for 
lamp filaments, wrought tungsten for 
contacts and X-ray targets, the hot 
cathode X-ray tube, various types of 
X-ray generating equipment, the “C” 
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tube for submarine detection and signal- 
ing, and the cathode-ray tube. 

His achievement of drawn tungsten 
filaments made the incandescent lamp 
cheap and reliable, and his improvements 
in the X-ray tube augmented and made 
less dangerous to operate that modern 
laboratory instrument. The beam of 
Dr. Coolidge’s cathode-ray tube, having 
the power of a ton of radium, has un- 
known possibilities in the realm of science 
and medicine. An exhibit of the achieve- 
ments for which the award was given to 
Dr. Coolidge was on display at the hotel. 

Dr. Coolidge graduated from the Massa- 
chusetts Institute of Technology in 1896, 
afterward receiving his Ph.D. from the 
University of Leipzig. Returning to the 
United States, he joined the teaching 
staff of the institute, serving as assistant 
in physics, instructor in physical chem- 
istry, and as assistant professor of physico- 
chemical research. In 1905 he became 
a member of the staff of the General 
Electric Research Laboratory, under Dr. 
Willis R. Whitney, and in 1908 was made 
assistant director of that organization, a 
position he occupied until 1928, when he 
was made associate director. 

The Washington Award, presented to 
Dr. Coolidge, was founded sixteen years 
ago by JoHN WarTSON ALvorD, and it is 
administered by the Western Society of 
Engineers. Presentation was made by 
Mr. FRANK D. CHASE, president of the 
society. 


HUGH S. TAYLOR NOMINATED TO 
FELLOWSHIP IN ROYAL SOCIETY 


Hucu S. Tayior, chairman of the 
department of chemistry at Princeton 
University, has been nominated for elec- 
tion as Fellow of the Royal Society of 
London. 

The nomination of Dr. Taylor to 
membership in the foremost scientific 
society in England comes as the climax of 
a distinguished career. Dr. Taylor, who 
is an Englishman, received three degrees 
from Liverpool University and later 
served during the World War in the 
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British Munitions Inventions Department. 
Coming to Princeton in 1922 as David 
B. Jones Professor of Chemistry, Dr. 
Taylor was placed at the head of the 
Department of Chemistry in 1926. He 
is the author of several scientific books 
and in 1928 was awarded the Nichols 
Medal by the American Chemical Society 
for outstanding work in catalysis.— 
Science Service 


ALPHA CHI SIGMA AWARD AT THE 
UNIVERSITY OF ARKANSAS 


Alpha Sigma Chapter of Alpha Chi 
Sigma of the University of Arkansas 
awards each year to the most representa- 
tive student a membership in the Ameri- 
can Chemical Society. The award this 
year has been made to Mr. REUEL 
SparKs, of Little Rock, Arkansas, a 
senior in the College of Arts and Sciences. 

Selection is made by vote of the student 
and faculty members of the chapter from 
the four senior students in chemistry or 
chemical engineering who have the highest 
rank in scholarship. The holder of the 
membership is not necessarily a member 
of Alpha Chi Sigma. 


THE E. H. S. BAILEY PRIZE IN ANA- 
LYTICAL CHEMISTRY AT THE UNI- 
VERSITY OF KANSAS 


The E. H. S. Bailey Prize in analytical 
chemistry has been awarded to NORMAN 
Howarp, a Junior 
in chemical engi- 
neering. This prize, 
which consists of a 
year’s full member- 
ship in the Ameri- 
can Chemical Soci- 
ety, was offered to 
the student having 
the best record in 
both qualitative 
and quantitative 
analysis. Dr. 
Bailey, professor of 





chemistry at the University of Kansas 
since 1883 and author of a number of 
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books on food, chemistry, qualitative 
analysis, and sanitary chemistry, is the 
donor. 


XIVTH ANNUAL CONGRESS OF 
SECONDARY EDUCATION, LONDON, 
JULY, 1932 


The first step toward the formation of 
the Bureau International was taken when 
a few French, Belgian, and Dutch secon- 
dary teachers met at Brussels in 1912. 
Their main objects were to cultivate 
friendship among secondary teachers and 
to assist young people living in foreign 
countries to pursue their studies without 
interruption. 

The War came before the organization 
had proceeded very far, and when it was 
over they found a new world for which 
their limited aims no longer sufficed. 
They realized that the important and 
urgent task was to help to revive and 
restore the disordered intellectual life of 
all nations. The old world was in ruins, 
a new world had to be built on new founda- 
tions, and the new generation had to be 
equipped to take its share in the re- 
shaping of human society. In this work 
no section of the community was more 
fitted to play an important part than the 
teachers in secondary schools, and the 
need for establishing contact and collabo- 
ration among the secondary teachers of the 
world became more urgent. 

An appeal was made to national 
associations of secondary teachers and 
the Bureau International came _ into 
existence, its declared objects being to 
knit together all secondary teachers in 
bonds of friendship and international 
solidarity, to assist the development of 
secondary education, with the improve- 
ment of the professional and material 
status of secondary teachers as a necessary 
corollary, and to collaborate with all 
bodies pursuing the same ends. 

The progress of the Bureau has been 
steady and continuous. At the present 
time 24 national associations, representing 
90,000 secondary teachers, are affiliated 
members, and in addition to these a 
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number of societies interested in educa- 
tion are accepted as associate members. 
The first English association to become 
affiliated was the Assistant Masters’ Asso- 
ciation in 1923. It was joined later by 
the other secondary associations and also 
by the Educational Institute of Scotland. 
For some time past negotiations have 
been taking place with the great national 
association of German secondary teachers, 
the Deutscher Philologenverband, which 
showed some reluctance to enter the 
Federation, but this year it has applied 
for affiliation and has been accepted. 

The growth of the Bureau has brought 
the need for changes in its constitution. 
The governing body is a Committee 
(Comité Directeur) composed of two 
representatives from each affiliated asso- 
ciation. This committee meets only on 
the occasion of the Annual Congress, and 
the executive business of the Bureau has 
hitherto been delegated to a permanent 
secretariat consisting of two enthusiastic 
Frenchmen who have directed the Bureau 
since its foundation. This year the 
secretariat has been replaced by an execu- 
tive committee of five members elected by 
ballot, the countries represented on the 
present committee being Czechoslovakia, 
England, France, Holland, and Luxem- 
bourg. A Bulletin published three times 
a year maintains contact between the 
executive and the members. 


An annual Congress is held, and each 
nation in turn is expected to arrange the 
Congress in its own country. At each 
Congress are discussed one or more ques- 
tions of general interest which were chosen 
at the previous Congress and on which 
affiliated associations are expected to 
have prepared and sent in memoranda. 
Among the subjects discussed at recent 
Congresses are “‘The Overcrowded Cur- 
riculum,’”’ ‘‘Over-pressure,”’’ ‘‘The Func- 
tions of the School Doctor,’ “Secondary 
School Buildings and Equipment,’ ‘“‘The 
Teaching of History and Geography,” 
“The Education of Girls,” ‘L’Ecole 
Unique” (the coérdination of the three 
stages of education), etc. The Bureau 
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also conducts inquiries and collects in- 
formation and statistics on educational 
and professional questions and puts the 
results at the disposal of its members. It 
also maintains relations with, and in some 
cases codperates in the work of, a number 
of important bodies such as the League of 
Nations, the International Labour Office, 
the Junior Red Cross, the World Federa- 
tion of Education Associations, the Inter- 
national Bureau of Education, ete. 

The last four Congresses have been held 
at Bucharest, The Hague, Brussels, and 
Paris, respectively. One feature of recent 
Congresses has been the active interest 
shown and the assistance afforded by the 
government of the country holding the 
Congress. Another has been the number 
of countries which, although not affiliated 
to the Bureau, have sent representatives 
to the Congress. At Paris, for example, 
45 countries signified their intention to 
send delegates, although only 17 possess 
affiliated associations. 

There is no doubt that the existence of 
the Bureau and the opportunities it has 
afforded for bringing together secondary 
teachers of different nations has had a 
valuable effect in arousing in them, par- 
ticularly among the nations more back- 
ward educationally, a sense of professional 
unity and of fellowship with their col- 
leagues in other countries which cannot 
help but promote that understanding 
among nations which is vital to the prog- 
ress of civilization. 

Next year’s Congress is to be held in 
London at the invitation of the Four 
Associations of Secondary Teachers, 7. e., 
the Associations of Headmasters, Head- 
mistresses, Assistant Masters, and Assis- 
tant Mistresses in secondary schools in 
England and Wales, all of which are 
affiliated to the Bureau. The president 
of the Congress will be Dr. W. W. 
VAUGHAN, who is President of the Bureau 
for 1932. An Organizing Committee has 
been appointed to make arrangements for 
the Congress, which has been fixed pro- 
visionally for July 19-23. The prin- 
cipal subject for discussion will be ““Games 
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and Out-of-School Activities,” a depart- 
ment of school organization which is prob- 
ably more highly developed in this than 
in any other country. Some preliminary 
discussion will also be given to ‘‘The Pro- 
fessional Training of the Secondary 
Teacher,” which is the principal subject 
for 1933. 

In view of the present economic and 
financial situation the same amount of 
material assistance cannot be expected 
from official sources as has been provided 
in the countries in which previous Con- 
gresses have been held, and the main bur- 
den will fall on the four English secondary 
associations. 

The principal expenses will be in con- 
nection with the provision of hospitality 
and entertainment for foreign delegates, 
and it is hoped that some assistance will 
be afforded by individuals and _ bodies 
interested in the development of education 
and in the promotion of international 
understanding, so that, in spite of the 
financial depression, it will be possible to 
make the London Congress of 1932 worthy 
of the aims and ideals of the Bureau and 
of the place which England holds in the 
educational world. 

The secretary of the Organizing Com- 
mittee, Mr. G. R. ParKeEr, B.A., B.Sc., 
will be pleased to communicate with those 
interested in the work of the Bureau 
International. Inquiries should be ad- 
dressed to him at 29 Gordon Square, 
London, W.C.1, England. 


THE FACULTY OF SCIENCES 


For some considerable time past the 
need has been felt in scientific circles 
for a central world organization providing 
for the general advancement and prac- 
tical development of science in all its 
phases, and which would promote a 
better understanding of the interrelation 
of the different specialized branches and 
bring into unity and mutual association 
all those professionally engaged in the 
application of scientific principles. 

Existent present-day conditions im- 
peratively demand the promotion of the 
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spirit of unity among the professions 
through the alliance of the various 
branches of science working as a single 
force for world development and common 
welfare and a united representation is 
needed by all who use scientific methods 
in their every-day occupation. 

Scientific workers have many problems 
peculiar to themselves as a class, and an 
organization affording professional and 
intellectual codperation offers facilities 
for their discussion and solution and 
provides means for the promotion of 
general welfare and security, together 
with increased prestige, that cannot be 
otherwise effectively obtained. 

It is with this purpose in mind that the 
Faculty of Sciences has been established 
with registered offices in London, England, 
and a cordial invitation is extended to 
each and every person of qualified scien- 
tific status to codperate at a time when 
united representation on their part will 
be of the greatest importance and service 
to science. Only by this method is 
complete recognition of their work pos- 
sible. 

The Faculty has adopted as its official 
organ, for the distribution of knowledge 
in the pure sciences, The Chemical News 
and Journal of Industrial Science, founded 
in 1859 by the late Sir William Crookes, 
O.M., F.R.S., ete., and members are 
invited to present scientific papers for 
publication in its columns. These will 
rank as official communications to the 
Faculty of Sciences. 


Research Work 

Because the founders of the Faculty 
are aware that only by practical research 
can science progress and add to its exist- 
ing knowledge, a Research Department 
has been founded, including a_ well- 
equipped laboratory, under the charge 
of an expert director: this department 
is at the disposal of the members. 


Objects 


The following are some of the objects 
of the Faculty as laid down in its con- 
stitution: 
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To provide an international organiza- 
tion representing the general interests 
of science as a whole and to promote 
every possible facility for intercourse 
between the various specialized branches. 

To arrange for the delivery of lectures 
and the reading and discussion of com- 
munications and reports on subjects of 
general and special interest in science 
and related matters, and the exchange of 
valuable information connected with the 
profession. 

To encourage scientific invention, re- 
search, and inquiry, and to institute, 
establish, and award scholarships, grants 
and other benefactions in connection 
therewith. 

To establish and maintain a library 
of books, works, and manuscripts, and a 
collection of articles of interest in science, 
the application thereof, or subjects allied 
thereto. 

To organize, promote, and contribute 
toward the exhibitions of apparatus, in- 
ventions, plans, drawings, models, or 
other matters or things calculated to 
advance the objects of the Faculty, and 
for like purposes to convene or promote 
meetings and an annual conference. 

To publish a journal and to diffuse 
among the Faculty information on all 
phases of science and related matters, 
and to print, publish, and circulate papers, 
books, communications, proceedings, and 
reports, and any other literary under- 
taking whatsoever as may seem conducive 
to any of these objects and for these 
purposes to cause translations to be made 
into or from any language. 

To codperate with universities, other 
educational institutions, and public educa- 
tional authorities for the furtherance of 
education in science and practice. 


Fellowship 


Fellowship in the Faculty is eligible 
to all persons who possess either a uni- 
versity degree in science, or the diploma 
or certificate of a recognized scientific 
institution and each candidate should 
make application on the prescribed form 
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and will be elected by a majority vote of 
the Council. 

A Certificate of Fellowship is issued 
to each elected candidate and every 
Fellow is entitled to use after his name 
the initial letters “F.F.Sc.” 


Annual Subscription 


The annual subscription of each Fellow 
is one guinea, payable in advance. It is 
not intended to institute an entrance 
fee at this present stage. 


Communications 


All communications for further in- 
formation and applications for Fellowship 
should be addressed to the Office of the 
Secretary, Dr. A. WARDE ALLEN, D.Sc., 
The Faculty of Sciences, 29-31 New 
Oxford Street, London, W.C. 1. 


NEUTRON MAY BE BRICK IN BUILD- 
ING HEAVY-WEIGHT HYDROGEN 


Existence of the neutron, reported in 
experiments at Cambridge, England, will 
probably make simpler the explanation 
of the double-weight hydrogen atoms 
that were recently discovered through 
joint work at Columbia University and 
the U. S. Bureau of Standards. This 
is the opinion of Dr. F. G. BRICKWEDDE, 
U. S. Bureau of Standards physicist and 
one of the scientific team that discovered 
the novel hydrogen atoms of isotope or 
mass number two. 

Ordinary hydrogen is known to be a 
nucleus of a single proton or positive 
charge of electricity surrounded by an 
electron or negative charge of electricity. 
The neutron is postulated to have the 
same atomic ingredients but the proton 
and electron are so closely associated in 
forming the neutron that it is left with no 
electric charge. 

Dr. Brickwedde’s suggestion is that 
the nucleus of the heavy-weight hydrogen 
with approximately twice the atomic 
weight of ordinary hydrogen, has its 
heart or nucleus made up of one neutron 
and one proton, with a whirling orbital 
electron on the outside that makes the 
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double-weight hydrogen isotope neutral 
like the ordinary hydrogen atom. 

If neutrons, as a sort of elementary 
element without charge, are floating 
about like a gas, it would be far simpler 
for a proton to meet up with a neutron 
and combine to form a nucleus of hydrogen 
isotope two than for two protons and one 
electron to get together to form the heart 
of heavy-weight hydrogen atom. 

Formation of the heart of the heavy 
hydrogen atom from a neutron and a 
proton in this way may therefore prove 
to be a first step in element building.— 
Science Service 


EASTERN NEW YORK SECTION, 
A. C. S., PLANS SYMPOSIUM ON 
CHEMICAL EDUCATION 


In recognition of the increasing interest 
in chemical education, the Eastern New 
York Section of the American Chemical 
Society has adopted the policy of de- 
voting one meeting each year exclusively 
to the consideration of problems in this 
field. 

The first meeting under this plan will 
be held at the Chemical Laboratory of 
the Rensselaer . Polytechnic Institute, 
Troy, New York, on Saturday, April 16, 
1932. A cordial invitation to attend this 
meeting is extended to all teachers of 
chemistry in the colleges, public and 
parochial high schools, and academies of 
this vicinity. 

The morning session, opening at ten- 
thirty, will be devoted to subjects of 
general interest to teachers. PROFESSOR 
EpWARD ELLERY, head of the chemistry 
department at Union College, and na- 
tional secretary of the society of Sigma 
Xi, will speak on ‘‘Educating the Col- 
leges.”” It is expected that a number of 
short talks on lecture demonstrations, 
laboratory experiments, and allied sub- 
jects will be given by various professors 
from neighboring schools and colleges. 

The Rensselaer Polytechnic Institute 
will serve a complimentary luncheon in 
the Russell Sage Dining Hall on the 
campus at 1.00 p.m. Immediately 
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following this luncheon, Dr. R. A. BAKER 
of the chemistry department of New York 
University, Secretary of the Division of 
Chemical Education of the American 
Chemical Society, will speak on ‘‘Chemi- 
cal Education.” 

During the afternoon, opportunity will 
be afforded for inspection of the buildings 
and laboratories at the Institute. Pro- 
fessors in the various departments are 
making special plans to have the labora- 
tories in operation, and to show interesting 
tests and processes during this period. 

The local committee for this meeting 
consists of A. W. Davison, H. S. van 
Kooster, and H. M. FaIcENBAuM, 
Rensselaer Polytechnic Institute, Troy, 
New York. 


PROGRAM FOR THE EDUCATIONAL 

SECTION OF THE MIDWEST RE- 

GIONAL MEETING OF THE AMERI- 
CAN CHEMICAL SOCIETY 


The Midwest Regional Meeting of the 
American Chemical Society will be held 
in St. Louis on May 5, 6, and 7, 1932. 
The program arranged for the chemical 
education group should be of interest to 
all teachers of chemistry, both in high 
school and college. The special topic 
which will be discussed on Friday, May 
6, is, ‘How far should a teacher go in 
introducing physical chemistry into the 
undergraduate courses?’ This does not 
refer to physical chemistry as a separate 
subject. 

Dr. B. S. Hopkins, of Illinois, will 
lead the discussion for General Chemistry; 
Dr. M. C. SNEED, of Minnesota, for 
Qualitative Analysis; Dr. N. H. FurMAN, 
of Princcton, Quantitative Analysis; and 
Dr. F. B. Datns, of Kansas, for Organic. 
Following each paper, there will be ample 
time for a general discussion in which all 
will be asked to participate. 

There will be opportunity for the pres- 
entation of other papers before the 
educational group. Those having titles 
to submit should communicate with 
Dr. L. P. HAtt, Mallinckrodt Chemical 
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Works, Saint Louis, who is in charge of 
the general program. 


LA MER GIVES PRIESTLEY LEC- 
TURES AT PENNSYLVANIA STATE 
COLLEGE 


The Priestley Lectures at Pennsylvania 
State College were given this year by 
Proressor V. K. LA Mer on April 138, 
14, 15, 18, and 19. Professor La Mer 
lectured on the physical chemistry of 
solutions, the field in which he has made 
numerous valuable contributions. 


PRINCETON UNIVERSITY OBTAINS 
CHAPTER OF SIGMA XI 


A chapter of Sigma Xi, the national 
scientific honor society, was installed at 
Princeton University on March 19. Dr. 
GrorcE H. SHULL, professor of botany 
and genetics, is its first president. The 
Princeton chapter, sixtieth to be organized 
in Sigma Xi, was granted by the govern- 
ing body of the national organization 
during its recent meeting at New Orleans. 
—Science Service 


SUMMER COURSES IN CHEMICAL 
MICROSCOPY AT CORNELL UNI- 
VERSITY 


The department of chemistry at Cornell 
University will offer instruction in Chemi- 
cal Microscopy during the coming sum- 
mer session of the ‘university. The 
equipment of the Baker Laboratory is 
unique in this field and affords excellent 
facilities for study of the various micro- 
scopic methods applicable to chemical 
problems or to investigations in allied 
fields. 
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The introductory course will cover the 
theory and uses of the microscope and its ac- 
cessories, ultra-microscopy, photomicrog- 
raphy, microscopic measurements and 
quantitative methods, crystal studies and 
physicochemical phenomena, refractive 
index determinations, and examination 
of textile and paper fibers. A course in 
microscopic qualitative analysis covering 
the reactions of the commoner metals 
and acids will also be given. Both of 
these courses will be the full equivalent 
of those given during the regular college 
year; they may be taken separately or 
together, or other work in the department 
may be carried on, according to the needs 
of the student. 

The Summer Session opens July 11 
and continues for six weeks, but persons 
not desiring university credit may arrange 
to cover, in a shorter period, those por- 
tions of the work most suited to their 
special needs. Any inquiries should be 
addressed to PRoFESsoR C. W. Mason, 
who will have charge of the courses. 


SUMMER COURSES AT PITTSBURGH 


In addition to a full year’s work in 
undergraduate courses in Inorganic, Or- 
ganic, Analytical, and Physical Chemistry, 
during the eight weeks beginning June 27, 
1932, the University of Pittsburgh will 
offer graduate courses in Chemical Micros- 
copy, under Dr. E. V. Hjort; Quantita- 
tive Organic Microanalysis, under Dr. 
W. Batpwin; Biochemistry and Physio- 
logical Chemistry, under Dr. C. G. KING; 
and Modern Chemical Theories, under 
Dr. A. L. Ropinson. These graduate 
courses will also begin June 27, and may 
be arranged according to the needs of the 
individual student. 








The Thirty-First Yearbook of the National 
Society for the Study of Education. Part 
I. A Program for Teaching Science. 
S. RALPH Powers, chairman, Teachers 
College, New York City. Guy Monrt- 
ROSE WHIPPLE, Editor. Public School 
Publishing Co., Bloomington, Illinois, 
1932. xii + 370 pp. 15 X 23 cm. 
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This 366-page report on ‘‘A Program for 
Teaching Science’ is the outcome of two 
years’ work of the Society’s committee 
on the Teaching of Science, which is of 
six professors of education or of the 
natural sciences in teachers’ colleges or 
in the departments of education or uni- 
versities. Its chairman is S. Ralph 
Powers, Professor of Natural Sciences, 
Teachers College, Columbia University, 
New York City. The committee contains 
no representative of a liberal arts college nor 
of science teachers in secondary schools. 

These omissions are rather remarkable 
in view of the statement in the ‘‘Editor’s 
Preface’’ that the Board of Directors had 
conferred with the two men responsible 
for the formation of the committee ‘‘con- 
cerning the possibility of securing a com- 
mittee personnel that would insure 
adequate representation of all the impor- 
tant aspects of the situation.” 

The report therefore reflects to a very 
marked degree the views of specialized 
teachers of educational theory and meth- 
odology rather than those of teachers of 
science or of those of educational ad- 
ministrators whether of elementary, sec- 
ondary, or college grade. 

In view of the closing statement in the 
“‘Editor’s Preface’—‘It is a good year 
book and will inevitably alter the com- 
plexion of science teaching in the public 
schools of this country’—the question 
may well be raised whether the one- 


sided complexion of the committee has 
not resulted in the setting up of an 
authoritative Vade mecum for the teach- 
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ing of science which in some of its phases 
may not “inevitably alter the complexion 
of science teaching in the public schools” 
for the worse, rather than the better. 

With the fundamental position of the 
committee that “learning is a continuous 
and gradual process which begins in 
infancy and continues throughout the 
period of life’’ without sudden and rela- 
tively abrupt changes, the writer is in 
complete sympathy, as also with the 
conclusion that “beginning with the 
elementary school and continuing through 
the secondary school we should have a con- 
tinuous and correlated program of science.” 

We are furthermore in sympathy with 
the program of science submitted for 


“A. Grades Seven to Twelve 


Seventh and eighth years—Science, 
three periods per week in each year. 

Ninth year—Science, five periods per 
week, ; 

Tenth year—Biological science or physi- 
cal science (physics). 

Eleventh year—First-year physical sci- 
ence (physics) or first-year biological 
science: second-year biological science 
or “iaapaeciaan physical science (chemis- 
try). 

Twelfth-year—Electives selected from 
among those listed under the offerings 
for tenth and eleventh grades and such 
=, electives as the school may choose to 
offer.’’ 


We are in heartiest agreement with 
this position of the committee—‘‘This 
program is one that shows how those 
major generalizations of science which 
ramify most deeply into human affairs 
may be broken up into learning experi- 
ences that may be used in grades on differ- 
ent levels of maturity. There is enough 
in these major generalizations, with their 
associated scientific attitudes, to furnish 
materials for study on all levels ranging 
from the grades through the university. 
Study will be sufficiently intensive to 
enable the learner to acquire not only an 
understanding of the phenomena of sci- 
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ence, but also some real apprehension 
“of the methods of scientific study and 
investigation and some appreciation of 
scientific attitudes.” 

The acceptance of this program means 
the end of general science as a collection 
of bits of information about familiar 
happenings, the all-too-common form it 
now takes. It should be frankly recog- 
nized that we have few teachers sufficiently 
grounded in both biological and physical 
science to teach adequately this con- 
ception of a really generalized science. 
Pending the preparation of such teachers, 
schools might well retain biology in the 
ninth year, for the teaching of which 
there is now a supply of amply equipped 
teachers. 

It is only as we come to this statement 
on page 10 of the report that we part 
company: 

“Definable educational values from 
science teaching will have been attained 
if students acquire (1) an ability to utilize 
the findings of science that have applica- 
tions in their own experiences; (2) an 
ability to interpret the natural phenomena 
of their environment; (3) an appreciation 
of scientific attitudes through an under- 
standing of, and ability to use some of the 
methods of study that have been used by 
creative workers in the field of science.” 

The writer of this review is not a 
scientist nor even a teacher of science. 
He is merely a superintendent whose 
work is to do what he can for the im- 
provement of teaching in the high schools 
of New York City. In this capacity he 
acted some four years ago as the mouth- 
piece of the 600 teachers of science in 
those schools and as editor set forth their 
views in a report bearing the title ‘“Teach- 
ing Science as a Way of Life.” 

These teachers of science meet monthly 
in four organizations—the Biology Teach- 
ers Association, the Association of Teach- 
ers of General Science, The Physics Club, 
and the Chemistry Teachers’ Club. The 
activities and interests of all these science 
teachers are cleared through ‘“‘The Stand- 
ing Committee on Science’”’ made up of 
representatives of these groups and 
officially recognized by the superintendent 
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in charge of high schools and consulted by 
him on all policies, courses of study, 
methods of teaching, and other matters 
having to do with science teaching. This 
standing committee probably represents 
the largest unified body of secondary sci- 
ence teachers in this country, possibly 
the most professionally minded and best- 
trained. 

In the following comments, the writer 
voices the point of view of this Standing 
Committee on Science, and, therefore, 
the point of view which animates the 
teaching of science in the high schools 
of New York City, a point of view which 
may fairly be represented as the official 
point of view or philosophy of education 
of the system of high schools. 


“Our teachers accept the values put 
forth by the Committee as desirable but 
as not attaining to the full measure of the 
values that society can and should de- 
mand of the teachers of science. They 
believe it is incumbent on them to build 
up in their pupils not merely an apprecia- 
tion of scientific attitudes but some of the 
attitudes themselves. For example, 255 
teachers in the study referred to stated 
as their fundamental objectives ‘an 
appreciation for the scientific method in 
thinking and the habit of applying this 
method to other than strictly scientific sub- 
ject matter.” 


We believe in subjects and in the 
mastery of subject matter not as ends in 
themselves but as means to an end, that 
end being the most complete development 
of the capacities of each boy or girl possible 
under the conditions in which we work. 
We therefore view the study of biology, 
physics, chemistry, general science as 
means of developing in the boys and girls 
certain well-defined, consciously striven 
for qualities, habits, and attitudes. We 
realize that in the case of most pupils, 
the subject matter, even though seemingly 
well mastered, will not long remain a 
functioning possession of these pupils, 
but we hope at least that the changes 
in ideals, habits, and attitudes effected 
in the boys and girls by teachers who hold 
to this point of view will be in much greater 
degree enduring. 
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We, in New York, believe that in the 
teaching of science in the high schools, 
more than in the teaching of any other 
subject, we have means of realizing cer- 
tain indispensable objectives, if not 
merely the individual pupil is to realize 
his fullest self but if a richly functioning 
society is to be attained and maintained. 

We regret that we find in the report 
of this committee only a partial realization 
of the possibilities of science teaching as 
we view them. We regret further the 
variations if not contradictions in objec- 
tives in the report. For example, on 
page 249, we read that, ‘“‘The chief merit 
in the type of analysis made in this study 
lies in the fact that it emphasizes values 
from the study of physics for their con- 
tributions to the understanding of vital 
human problems,’ and on the same page 
we find—‘In setting up a guiding phi- 
losophy this Committee has taken the 
position that objectives for science teach- 
ing through the grades and high schools 
should be stated in terms of training in 
the kinds of scientific thinking that may 
be produced in such fields and in terms of 
certain attitudes that may guide conduct 
in the use of science materials and serve as 
guides in scientific thinking.’ 

In the first paragraph quoted the com- 
mittee seemed to be moving in the direc- 
tion of the animating philosophy of the 
New York teachers of science, namely, that 
the great objective of science teaching is 
the fullest development of every in- 
dividual, to the end that he may be better 
fitted to make his contribution not merely 
in the field of science but in the all- 
embracing field of human relations. But 
in the more clear-cut statement of the 
second paragraph the committee reverts 
to the time-honored objective of merely 
turning out workers and thinkers in the 
field of science, citizens of a comparatively 
narrow world rather than of the great 
universe of all that pertains to man. 

On page 268 the Committee stultifies 
its previous statements which indicate 
some vision of the possibilities of science 
teaching as a force for the making of a 
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richer and better world by saying, ‘Until 
these problems are attacked by the tech- 
nics of modern experimental education, 
such objectives as the development of 
training in scientific methods and the 
building of scientific attitudes will be 
will-o’-the-wisp catch words to enchant 
unscientific science teachers.’ (Such as 
the 700 well-trained and professionally 
minded teachers of New York’s high 
schools.) 

The writer had supposed that these 
inconsistencies were due to the fact that 
the chapters were not all written by the 
same person but on page xii of the Intro- 
duction we are told by the chairman of 
the Committee that ‘‘each chapter repre- 
sents the unanimous views of the entire 
Committee.” 

In accordance with the general prin- 
ciple that that which comes later has 
greater validity than that which comes 
earlier, in that it is formulated on the 
basis of all that comes before, we are 
forced to the conclusion that this quota- 
tion from page 268 expresses the reasoned 
judgment of the Committee; that, there- 
fore, this report to which thousands of 
teachers of science and educators generally 
are looking for knowledge of the best that 
is being done in science teaching in our 
schools, the report to which they are 
looking for inspiration and for guidance 
along the paths they are to pursue in 
getting our boys and girls ready to meet 
the pressing problems of the much- 
troubled world of the next twenty-five 
years, is not a forward-looking but in some 
respects is a reactionary report. 

The Committee has failed to sense the 
essence of constructive progressive educa- 
tion of today. It has failed to realize 
that the mastery of no subject in itself 
and by itself, that the acquisition of no 
skill in itself is a justifiable objective of 
vital public education; that it is only as 
the attainment of such masteries carries 
with them that change in the youth that 
we know as growth that we can justify the 
sacrifices of the community for the educa- 
tion of our youth. 
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The Committee in Chapter I seems to 
hold this conception, but only in part, 
for on page 3 we read, “‘It is the aim of the 
school to provide the experiences which 
will make possible the most efficient 
growth in learning. Effective accom- 
plishment of this aim is conditioned upon 
the ability of the curriculum worker to 
make available to the children of succeed- 
ing grade levels the learning experiences 
which are appropriate for continuous 
mental growth.” 

The New York High-School Teachers 
of Science hold that it is not merely 
mental growth, not growth in learning 
only, but the growth of the entire child, 
the enlargement of his physical, moral, 
esthetic, and spiritual self that we con- 
ceive to be the task of the schools and 
most especially of the science teachers of 
our schools. They are not content with 
“facilitating the study of those large 
truths of science that have within them 
the greatest potentiality for influencing 
human thought and action’ (page 6) 
desirable as thatis. They are not satisfied 
unless they at least attempt ‘‘to develop 
a sense of the wonderful and the beautiful 
in nature’’—‘‘to get an emotional response 
from their pupils that will show they are 
living in a larger world in the sense of 
Plato’s magnificence of mind’’—‘‘to de- 
velop the scientific imagination’’—‘‘to 
develop that intellectual curiosity that 
results in individual efforts for knowl- 
edge’”’—‘‘to develop scientific scepticism”’ 
—‘to build up openness to new ideas 
and willingness to change present judg- 
ments’’—‘‘to emulate great scientists in 
contributing freely to the common 
good’’—‘‘to develop the ability to test 
the truth of a conclusion’—‘‘to develop 
the increased appreciation that springs 
from power of accurate observation.” 

Although in the first four chapters the 
Committee seems to have glimpses of such 


’ objectives, we fear its members have been 


too largely swayed by their belief that 
learning is specific. They are so strongly 
opposed to the ancient statement of 
formal discipline that they have seemingly 
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feared such a reasonable statement of 
transfer as would be involved in an 
endorsement of the general aims of science 
teaching we have cited. 

It is unfortunate, as stated earlier, that 
the makers of the report were all pro- 
fessors in teachers’ colleges. The ex- 
perience of some progressive secondary 
teachers of science on the committee would 
have forced upon them a broader con- 
ception of the function of a science pro- 
gram in our schools. They might have 
been made to realize that the task en- 
trusted to them was not to rear a beauti- 
fully logical science mechanism for the 
production of scientists and _ science 
teachers but to formulate a plan of science 
teaching which would contribute to the 
richest, most complete possible develop- 
ment of every pupil, no matter what the 
calling he is to pursue. 

The Committee, due again to its com- 
position, has overstressed the validity 
and importance of “‘scientific educational 
experimentation and testing’? and has 
seemingly been unwilling to attach much, 
if any, value to qualitative evidence based 
on the experience and reasoned judgments 
of teachers. As no precise appraisal 
of the degree of success in realizing the 
objectives cited above is at present 
possible, the Committee has been un- 
willing to accept such objectives as basic 
in a program of science teaching and in 
the judgment of the writer in so doing has 
removed the chief justification for such a 
time-consuming program from the primary 
school to the college as is advocated by the 
Committee. Too few boys and girls will 
ever make direct use of the science they 
have studied to warrant the universal 
study of science if the objectives of that 
study are conceived merely in increasing 
mastery of its subject matter and tech- 
nic and not in the changes wrought in 
ideals, and outlook, in qualities, habits, 
and attitudes, which are the very essence 
of education. 

The report contains valuable material 
on criticisms of current practices in 
scientific teaching, on contributions of 
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science to liberal education, on research 
in classroom procedures, on the content 
of science courses, on science rooms and 
equipment, and the education of science 
teachers which the space allowed by the 
editor does not permit me to discuss. 

It is most regrettable that a report 
containing so much that is constructive 
and exceptionally valuable must be 
judged as prejudicial to the progress of 
science teaching, in high schools at least, 
because of its inadequate conception 
of the desirable, vital, and actually realiz- 
able aims of such teaching; aims which 
are being realized in an appreciable 
though not precisely measurable degree by 
scores of science teachers in the New York 
City high schools. 

JOHN L. TILDSLEY 


Hi1GuH-ScHoort Division 
BoOarD OF EDUCATION 
New York City 


The Preparation of Pure Inorganic Sub- 
stances. E. H. ArcuHIBALD, Professor 
of Analytical Chemistry, University of 
British Columbia. John Wiley and 
Sons, Inc., New York City, 1931. x + 
383 pp. 20 Figs. 22 X 14cm. $8.75. 


In the preface to this work, Professor 
Archibald says: ‘The past thirty years 
have seen a marked advance in the preci- 
sion and accuracy of physical and chemi- 
cal, as well as other scientific measure- 
ments. In order to take advantage of 
these improvements, it is frequently 
necessary for the student to supply sub- 
stances of a much higher degree of purity 
than corresponds to our “‘c.P.’”’ products. 
Fortunately, during these thirty years, 
many methods have been devised, and a 
great many principles have been set forth, 
according to which the purification of a 
large number of chemicals can be effected. 
What are thought to be the more depend- 
able and simple of these methods are set 
forth in the following pages.” 

This book is a guide for students and 
chemists desiring to prepare inorganic sub- 
stances of a very high degree of purity. It 
is evidently intended primarily for research 
workers. The manual does not contain 
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much theory and only a few chemical 
equations are given. It covers a wide field, 

Chapter I deals with Purification Proc- 
esses and Apparatus Material. Among 
methods of purification, the importance of 
washing by repeated stirring with small 
quantities of water and subsequent centri- 
fuge treatment is discussed. 

As containing vessels, such substances as 
ordinary glass, Pyrex or Jena glass, porce- 
lain, fused silica, and platinum are con- 
sidered. 

The remaining chapters (II—XVII) are 
devoted to the preparation of substances, 
the periodic classification of the elements 
being followed. For instance, Chapter 
II deals with the zero group—helium, 
neon, etc. Chapter III is devoted to the 
alkali metals and hydrogen, while the last 
chapter treats of manganese and of the 
elements in Group VIII. 

The directions are clear and simple and 
are taken largely from the literature of 
chemistry, numerous references to which 
are given at the bottoms of the pages. It 
is interesting to note the great number of 
references to papers published in the 
Journal of the American Chemical Society, 
and to the many investigations carried out 
at Harvard under the direction of the late 
Professor Richards and Professor Baxter 
and their co-workers. 

There are a number of preparations of 
compounds of the less common elements 
and of the rare earth metals. More prep- 
arations might have been included had 
space permitted. For instance, only two 
pages are devoted to preparations of ar- 
senic, and none of the sulfides or thio- 
compounds of this element is included. 

The book is a scholarly production and 
affords evidence that the author is familiar 
with the literature of inorganic chemistry 
and has had much experience as teacher 
and investigator. 

Some readers may object to the use now 


and then of ‘‘barium hydrate’ for the: 


more modern term ‘‘barium hydroxide” 
(pp. 19 and 38). 

The manual is well printed on good 
paper and the binding is excellent. 
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The reviewer believes that the book will 
be a useful and reliable guide for research 
students and chemists, and that it will 
prove to be a valuable addition to chemi- 
cal literature. 

WILLIAM FOSTER 


PRINCETON UNIVERSITY 
PRINCETON, NEW JERSEY 


A Course of Qualitative Chemical Analysis 
of Inorganic Substances. OLIN FREE- 
MAN TOWER, Ph.D., Western Reserve 
University. Sixth edition. P. Blakis- 
ton’s Son & Co., Inc., Philadelphia, 
19382. xv + 92 pp. 1 Fig. 15 X 23 
em. $1.50. 


This book, intended for students begin- 
ning the study of qualitative analysis, re- 
tains the same general form followed in 
the earlier editions. Instead of the usual 
preliminary experiments intended to ac- 
quaint the student with the analytical 
reactions of the different ions, whose 
separation and detection are to be deter- 
mined later, the student is directed to pre- 
pare mixtures of these ions and carry them 
through the methods of analysis. Such 
a procedure is undoubtedly more interest- 
ing and probably just as profitable to 
the student. Little attention is given to 
the writing of equations and to explana- 
tions of the chemistry involved in the 
different processes, though numerous 
references are given to the general chem- 
istry texts by Holmes and by McPherson 
and Henderson. Sixteen. pages at the 
beginning of the book are devoted to a 
discussion of the mass law principle and 
how it affects an equilibrium. This dis- 
cussion is quite clear and readable and 
should be easily understood by the begin- 
ning student. 

The main body of the text is devoted to 
the analytical procedure and explanatory 
notes. These are arranged on opposite 
pages so that the notes may be readily con- 
sulted, yet do not tend to destroy the con- 
tinuity of the procedure. Except in the 
aluminum-iron group, the classical pro- 
cedure is used for the cation analysis. 
Following the precipitation of the copper- 
tin group, aluminum, chromium, and iron 
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are precipitated as a separate group with 
ammonia after oxidation of the iron witb 
nitric acid. The remainder of these ele- 
ments, zinc, manganese, cobalt, and nickel, 
are then separated as sulfides. The clas- 
sical method of procedure is, however, out- 
lined in the appendix. The anion analysis 
consists of certain preliminary tests, fol- 
lowed by individual tests based on the 
knowledge gained from the preliminary 
tests. 

The book is well written, free from typo- 
graphical errors and is well adapted to 
the teaching of qualitative analysis, espe- 
cially from the standpoint of the analyst. 

Gro. W. SEARS 


UNIVERSITY OF NEVADA 
RENO, NEVADA 


Analytical Factors and Their Logarithms. 
EARLE RADCLIFFE CALEY, M.&c., 
Ph.D., Assistant Professor of Chemistry 
in Princeton University. First edition, 
John Wiley and Sons, Inc., New York 
City, 1982. v+112pp. 13 X 19cm. 
$2.00. 


The purpose of this book is to furnish, 
in a readily accessible form, a comprehen- 
sive set of chemical factors for the con- 
venience of analysts. The book consists 
of twelve tables containing factors and 
their logarithms, followed by a short 
chapter of instructions for the use of these 
tables. 

Table I consists of the International 
Atomic Weights for 1931 and Their 
Logarithms. 

Table II contains the Inorganic Gravi- 
metric Factors arranged in the usual form. 
In the left-hand column of this table are 
given the formula of the substance 
weighed, its molecular weight, the loga- 
rithm of this weight and the appropriate 
temperature for the ignition of the com- 
pound. The inclusion of the ignition 
temperature in such a table is an entirely 
new feature inaugurated by the author 
and adds materially to the value of the 
table. The following columns contain, 
in order, the formulas of the substances 
sought, the factors for these substances 
and the logarithms of the factors. This 
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table is the largest in the book. It 
covers forty-five pages. 

Table III consists of Metallo-Organic 
Gravimetric Factors and Their Loga- 
rithms. The same arrangement is used 
as in Table II. This table contains, in 
addition to data previously mentioned, 
reference numbers citing the literature 
which deals with the use of the metallo- 
organic compounds in analytical work. 

The book contains nine other tables as 
follows: 

Table IV. Factors for Indirect Weigh- 
ing. 

Table V. Factors for Indirect Analyses. 

Table VI. Miscellaneous Weight Con- 
version Factors. 

Table VII. Inorganic Factors for Nor- 
mal Acids or Bases. 

Table VIII. Organic and Metallo-Or- 
ganic Factors for Normal Acids or Bases. 

Table IX. Inorganic Factors for Nor- 
mal Oxidizing or Reducing Agents. 

Table X. Organic and Metallo-Organic 
Factors for Normal Oxidizing or Reducing 
Agents. 

Table XI. Factors for Various Normal 
Volumetric Reagents. 

Table XII. Logarithms of Numbers 
(five place). 

The tables are followed by a short 
chapter containing instructions for their 
use. In some cases the individual tables 
are followed by explanatory notes. 

A considerable portion of the informa- 
tion contained in these tables has not been 
previously gathered together in one unit. 
This is especially true of those dealing 
with the metallo-organic compounds. 
The arrangements of the material within 
the tables and the order in which the 
tables follow each other are well chosen. 

This book should be a valuable aid to 
analysts and teachers of analytical chem- 
istry. 

H. W. BRUBAKER 


Kansas STATE COLLEGE 
MANHATTAN, KANSAS 


Chemical Calculations. J.S. Lone, Ch.E., 
M.S., Ph.D., Professor of Inorganic 
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Chemistry, and H. V. ANpeErson, 
B.Ch.E., M.S., Associate Professor of 
Chemistry, Lehigh University. Third 
edition. McGraw-Hill Book Co., Ine., 
New York City and London, 1939. 
ix + 259 pp. 16 Figs. 14.5 X 21cm. 
$1.75. 


This is a third edition of a book pub- 
lished in 1924 and reviewed in the JouRNAL 
OF CHEMICAL EpucaTION for January, 
1929 (p. 177). The book now contains 
833 problems. The chapter on molecular 
weights has been expanded by adding ex- 
planations and illustrations of the Victor 
Meyer, boiling-point, and freezing-point 
methods. Equivalent weights and nor- 
mal solutions are discussed in a single 
chapter. The chapter on volumetric 
analysis has been enlarged by examples on 
the inter-relation of equivalency and nor- 
mality concepts. New material has been 
added on the solubility product, and prob- 
lems on pH have been included in the 
chapter on reversible reactions. The 
chapter on gas analysis has been revised 
to conform to the latest analytical pro- 
cedure. 

J. H. REEpy 


UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 


Faraday. E. W. Asucrort, The British 
Electrical and Allied Manufacturers 
Association, London, 1931: 133 pp. 
Portrait frontispiece. 14 X 21 cm. 
7s. 6d. 


This is good biography. The book is 
an account of the life and work of Michael 
Faraday based upon his letters, his pub- 
lished papers, and the biographies by 
Tyndall and Bence Jones. It succeeds, 
without being a “keyhole biography,’’ in 
conveying an idea of Faraday’s inner mo- 
tives, of the unity of his character and of 
his life. 

“There are very few men’s lives that 
could adequately be told by selection from 
their private letters and opinions. We 
live with our own illusions and rare is the 
man who is accepted by posterity, whether 
posterity is a world-wide audience or a 
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generation of private friends and relations, 
in his own terms. Faraday, however, is 
such a man. His life and its actions pro- 
vide no ground for interpretation in terms 
other than those he employed. His ex- 
ceedingly simple and unquestioning belief 
in the tenets of his religion appears strange 
in a man whose life was passed in the exer- 
cise of intellectual discrimination. Yet 
his religious beliefs were never held as a 
conscious means of simplifying his mental 
powers: they were a sublimation of that 
part of his nature which could otherwise 
have harmed the exercise of those powers. 

“There is no key to Faraday’s life, no 
isolated grouping of thought and action 
in the form of a conflict to drive him to 
work for relief from that conflict. Every- 
thing in his life—his birth, his religion, his 
marriage appear as expressions of a great 
and simple nature. The reason Faraday 
as an old man retained the fresh enthu- 
siasm, the simplicity and kindness of his 
youth was because, in the midst of every 
kind of intellectual and social triumph, 
his nature did not change nor acquire 
qualities or defects alien to it. And in the 
crowning expression of his life, the dis- 
covery of the fundamental laws of electro- 
magnetism, the experimental philosopher 
is inseparable from the visionary. He had 
no need to turn his mind into a passionless 
instrument; he perceived the human ele- 
ments of imagination and intuition in the 
laws and phenomena he investigated.” 

The book is handsomely printed with 
easily legible type on hand-made paper. 
But it isa pity that the author is not given 
plainer credit for a creditable piece of 
work. His name (or hers) does not ap- 
pear on the title page. On the last page 
of the book, along with the names of the 
printing company and the typographer, 
the name of the author is given. 

TENNEY L. Davis 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


Die Chemie in Jena von Rolfinck bis 
Knorr (1629-1921). (Chemistry at 
Jena, from Rolfinck to Knorr, 1629- 

1921.) Dr. Fritz CHEMNITIUS. Ver- 
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lag der Frommannschen Buchhandlung 
Walter Biedermann, Jena, 1929. 192 
pp. Illustrated. 14 K 22 cm. Price, 
unbound, about R.M. 7. 


This is a history of the teaching of chem- 
istry at Jena, and consists of two prin- 
cipal chapters containing biographies of 
the professors and covering respectively 
the periods when chemistry was important 
because of its services to pharmacy and 
when chemistry was an independent study. 
These are followed by a history of the 
Chemical Institute of the University, and 
by tables indicating the dates of the pro- 
fessors and the courses which they gave. 
It is to be wished that there were similar 
books relative to other universities. 

The book contains portraits of Werner 
Rolfinck (1599-1673), Georg Wolfgang 
Wedel (1645-1721), Johann Adrian Sle- 
vogt (1653-1726), Johann Adolph Wedel 
(1675-1747), Hermann Friedrich Reich- 
meyer (1685-1744), Ernst Anton Nicolai 
(1722-1802), Johann Wolfgang Débe- 
reiner (1780-1849), Heinrich Wilhelm 
Ferdinand Wackenroder (1798-1854), 
Eduard Reichardt (1827-1891), Johann 
Georg Anton Geuther (1833-1889), arid 
Ludwig Knorr (1859-1921). 


TENNEY L. Davis 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


MISCELLANEOUS PUBLICATIONS 


Chemistry at the Centenary (1931) Meet- 
ing of the British Association for the 
Advancement of Science. Published 
for The Association of British Chemical 
Manufacturers by W. Heffer & Sons, 
Ltd., Cambridge, England, 1932. xi + 
272 pp. 13.5 X 21.5cm. 7s. 6d., net. 


This volume is the only complete record 
of the Proceedings of the Chemistry Sec- 
tion of the British Association at its Cen- 
tenary Meeting last September. It in- 
cludes: 

(1) Sir Harold Hartley’s Presidential 
Address on “Michael Faraday and the 
Theory of Electrolytic Conduction.” 

(2) The discussion on the Influence of 
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the Medium on the Properties of Electro- 
lytes. 

(3) The discussion on the Chemistry of 
the Vitamins and Related Substances. 

(4) The Symposium on the British 
Fuel Problem. 

(5) The discussion on the Structure of 
Simple Molecules. 

(6) An account of the Exhibits and 
the Excursion to the Gas Light & Coke 
Company. 

Application for copies, accompanied by 
the necessary remittance, should be made 
to Mr. J. Davidson Pratt, c/o Messrs. W. 
Heffer & Sons, Ltd., 104 Hills Road, Cam- 
bridge, England. 


Chemistry of Today. Broadcast Supple- 
ment of The Nucleus. Northeastern 
Section of the American Chemical 
Society, Boston, Massachusetts, 1932. 
Pp. 157-71. 15 X 23 em. 

Contains the following broadcasts: 
“From Logs to Paper’ (4 parts), by 
F. W. Adams and “Seventh Chemical 
Question Box” by M. J. Ahern. Re- 
prints of individuals broadcasts are avail- 
able at $3.50 for fifty copies and con- 
siderably lower rates for larger quantities. 
The address of the Managing Editor, J. A. 
Seaverns, is: 99 Broad St., Boston, Mass. 


Bibliography of Bibliographies on Chem- 
istry and Chemical Technology. Sec- 
ond Supplement, 1929-31. Bulletin 
of the National Research Council, Num- 
ber 86,1932. Compiled by CLARENCE J. 
West and D. D. BEROLZHEIMER. 150 
pp. 17 X 24.7 cm. (Paper bound.) 
$1.50. 


Statistics of Private High Schools and 
Academies 1929-30. U.S. Dept. In- 


terior, Bulletin of the Office of Education, 
No. 20, 1932. U. S. Government 
Printing Office, Washington, D. ¢ 
(For sale by the Superintendent of 
Documents.) 49 pp. 15 X 23 om. 
$0.10. 


This bulletin is a preprint of Chapter 
VII, Volume II of “Biennial Survey of 
Education in the United States, 1928-30.” 


Statistics of Teachers’ Colleges and 
Normal Schools 1929-30. U.S. Dept. 
Interior, Bulletin of the Office of Educa- 
tion, No. 20, 1932. U.S. Government 
Printing Office, Washington, D. C. 
(For sale by the Superintendent of 
Documents.) 78 pp. 15 X 23 em. 
$0.15. 


This bulletin is a preprint of Chapter V, 
Volume II of ‘Biennial Survey of Educa- 
tion in the United States, 1928-30.” 


Scholarships and Fellowships. Grants 
Available in United States Colleges and 
Universities. U. S. Dept. Interior, 
Bulletin of the Office of Education, No. 15, 
1932. U. §S. Government Printing 
Office, Washington, D. C. (For sale 
by the Superintendent of Documents.) 
155 pp. 15 X 23cm. $0.30. 


Recent Theses in Education. U. S. 
Dept. Interior, Bulletin of the Office of 
Education, Pamphlet No. 26, 1932. 
U. S. Government Printing Office, 
Washington, D. C. (For sale by the 
Superintendent of Documents.) 41 pp. 
15 X 23cm. $0.10. 


An annotated list of 242 theses de- 
posited with the Office of Education and 
available for loan. 
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EDITOR’S OUTLOOK 


VEN in these times of diminished public revenues and- general 
financial distress it is scarcely to be expected that framers of 
appropriations will apply the pruning knife to their gwn incomes and 
.. allowances. It is even more unthinkable that they will 

Reonemy in il materially any appropriations of significant vote- 
Education curtai materially any approp significant vote 
getting power. The natural consequence is that the more 

extravagant and wasteful of public expenditures tend to continue undi- 
minished through periods of depression and to augment rapidly during 
periods of prosperity. The socially more profitable but politically less 
effective items of expenditure are nearly always viewed with a more 
economical eye and in times of stress are generally the first to feel the axe. 

Knowing the politicians and their ways, it is not surprising that educa- 
tional administrators in general should have built up a defense mechanism 
against them. Knowing full well that almost any budget submitted will 
be cut to some extent, they usually manage by means of a little judicious 
padding to avoid the indiscretion of asking for an irreducible minimum. 
If, by reason of superior astuteness on their own part, or of legislative in- 
difference in easier times, they contrive to gain some slight advantage, 
they are loath to relinquish it even in the interests of the public welfare. 
Items not strictly essential are sometimes defended on the ground that it 
is hard enough to get appropriations anyway and that any voluntary con- 
cessions in the struggle are only too apt to result in a distinct strategic 
disadvantage. The entire situation takes on the aspect of the well- 
known vicious circle, with periodic denunciation of educational frills and 
fads on the one side and of political self-seeking on the other. 

It may be maintained that there is no obvious remedy for this state of 
affairs and that there is therefore little point in discussing it. The 
politician acts as he does because he is as God and nature made him. 
One might as well expect dogs to refrain from barking as to expect poli- 
ticians to do otherwise than as they do. The educational administrator 
acts as he does because he feels that circumstances force him to it; he 
can see no other solution to his problem. 

One may well raise the question, however, whether the educational 
system would not acquire a stronger position in the long run by display- 
ing a tenderer regard for the public purse. The American people as a 
whole have an unshakable, almost a fanatical, faith in the desirability 
and efficacy of education. They will not willingly or knowingly permit 
their school systems to be crippled. It is only when they begin to enter- 
tain the suspicion that they are paying heavily for non-essentials that 
they adopt an unfriendly or indifferent attitude. 

It is only natural when a man adopts a certain line of endeavor as his 
life’s work that it should bulk large in his sense of values, that he should 
strive to extend its scope and influence, and that he should seek support 
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for it in season and out. Yet this is a natural tendency which should not 
be encouraged beyond reasonable bounds; in fact, it is more likely than 
not to call for curbing. There is good reason to inquire whether the law 
of diminishing returns does not operate in education as well as elsewhere; 
whether some projects worthy enough in themsleves are not carried on at 
too high a cost to be strictly justifiable. 

It is not our intention to suggest that educators in general are wilfully 
or consciously extravagant. On the contrary it is hardly going too far 
to say that if all public funds were administered as economically as 
educational funds there would be little difficulty in balancing govern- 
mental budgets. However, there is an attitude of mind against which 
we should guard ourselves. 

It is hardly possible for a teacher to suggest that the course of study 
can be so arranged and simple safety devices so employed that fume 
hoods are not absolutely essential in high-school laboratories, without 
some one raising the cry of treason. His manuscript is regarded by some 
as an unwarranted criticism of all who are so fortunate as to have fume 
hoods and as a stab in the back for all who hope to acquire them. Others 
are opposed on principle to any investigation of the efficacy of elementary 
laboratory instruction. ‘“‘We have fought for years for laboratories and 
equipment and chemicals,’’ they cry, ‘‘and now some snake in the grass 
begins to raise doubts and ask questions.’’ This, we believe, is a mis- 
taken attitude and one which is likely to act as a boomerang eventually. 
If it can be demonstrated (which as yet it has not) that individual labora- 
tory instruction has no significant advantages over lecture-demonstration 
or that such advantages as it has are purchased at too high a price, by all 
means let us abandon it with loud hosannas that we have been given the 
light to see the error of our ways. If elaborate ventilation systems fail 
to ventilate much better than we can ventilate without them, let us cease 
writing them into our specifications. 

In short, let us maintain an open mind and a scientific willingness to 
weigh the evidence. It should not be true that studies which suggest 
more elaborate and expensive equipment are more likely to attract re- 
searchers and to obtain a more favorable reception from the profession 
at large than those which point the way to economies or cast doubt upon 
the necessity of present expenditures. 

In conclusion let us reiterate that no general indictment of the pro- 
fession is intended. The attitude which we deplore exists in some 
quarters. Where it does not exist no criticism is intended. 


CK, 
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NDER the accompanying title there appeared in the Journal of 
Higher Education for May a brief account of a study demonstrating 
that there is little objectivity in ratings assigned to students on the basis 
; of oral examinations or even of written ‘‘comprehensives.” 

The Final ; ; 
To some it may appear that such a study is nearly on a par 

Ordeal with a laboratory experiment designed to test scientifically 
the truth of the adage that a watched pot will not boil. In the average 
graduate school where the student is well known to his examining com- 
mittee it is safe to say that his fate is usually pretty well determined 
before he takes the floor, whether the faculty members admit that fact 
among themselves or not. The examination is a formality maintained 
partly for its salutary effect on the student and partly for its expediency 
as an administrative aid. It is only secondarily and comparatively rarely 
employed as a significant diagnostic instrument. It no doubt has its 
greatest virtues as a preliminary rather than a final ordeal. 

The preliminary examination is undoubtedly the strongest incentive to 
a thorough review of subject matter which has yet been devised. It is, 
furthermore, an excellent deflationary device for application to overly 
self-confident students, who think considerably more highly of their 
scholastic attainments than they ought to think. It can also be a tactful 
but thoroughly convincing method of pointing out to a student weak- 
nesses and deficiencies of which he is blissfully unaware. Finally, it 
offers an effective means of dealing with the student who for one reason 
or another is unfitted for graduate work, but who will not take a gentle 
hint. 

In the final examination some of these considerations still operate to 
some extent and there is in addition the consideration of bringing the 
graduate course to a psychologically satisfying climax. By the time the 
student is through he usually knows that he has been to the wars and he 
values his degree the more accordingly. 

No secrets are here revealed. The more intelligent students are fully 
aware of all these facts. However, they realize that if they make a less 
than respectable showing before a well-disposed committee they are put- 
ting that committee in a very embarrassing position—a faux pas which 
will be properly resented and probably punished either summarily or 
eventually. Consequently their performance does not suffer by reason 
of their understanding of the situation. 

The real significance of this study as we see it lies in its bearing on the 
more or less wholesale examination of undergraduate honors students, 
particularly by outside committees. Here it may well suggest the neces- 
sity for unusual caution and judgment in the administration of such 
examinations. 


A RUBBER PLANTATION 




















RECENT DEVELOPMENTS IN THE RUBBER INDUSTRY* 


GEORGE OENSLAGER, THE B. F. Goopricu Co., AKRON, OHIO 


The world’s supply of rubber is centralized in the Far Eastern plantations. 
By budding it is possible to treble the yield of rubber per tree per annum. A 
superior quality of tire cord is now made from short staple American cotton. 
Titanium white and colloidal precipitated chalk are used increasingly in the 
industry. Crude lauric acid is replacing stearic acid. Selenium, tetra- 
methyl thiuram disulfide, and polynitro compounds have a limited use as vul- 
canizing agents. Organic accelerators of vulcanization and so-called age re- 
sistors are in common use. A classification of these materials is given. Rub- 
ber latex is being used increasingly in the manufacture of articles of irregular 
shape. Manufacturing processes have been refined. Plasticizers and in- 
ternal mixers are replacing the two-roll mixing mill. Individual molds for 
vulcanizing tires and tubes are finding increased use. 


Introduction 


Up to the year 1840 crude rubber had been used to a limited extent in 
the United States and Europe for the manufacture of elastic thread and 
waterproof clothing. The methods used involved either the spreading upon 
the fabric of a solution of crude or masticated rubber in turpentine or coal- 
tar naphtha, or the application of rubber as formed in a thin sheet on a 
calender. The pioneer in the development of these mechanical methods, 
mastication and calendering, was the Englishman, Thomas Hancock. Un- 
fortunately, goods prepared from crude rubber, although they had excel- 
lent waterproofing qualities, softened during warm weather and became 
tacky, causing them to pick up dirt, and in freezing weather they hardened 
to such an extent that they were unfit for wear. These objectionable 
features Charles Goodyear found could be removed by incorporating sul- 
fur into the rubber and subsequently heating the finished product between 
240° and 360°F. To these two pioneers of the rubber industry the world 
is indebted for the processes which are today in common use in the manu- 
facture of rubber goods. From the time of their discoveries until the begin- 
ning of the present century the rubber industry grew slowly, with scarcely 
a new departure or fundamental contribution on the part of their suc- 
cessors. The lack of progress was in part due to the secrecy which pre- 
vailed throughout the industry; this secrecy, however, succumbed as a 
result of the vigorous demands made upon the rubber industry in the early 
part of this century by the progressive and rapidly growing automobile 
industry which it served. This led to a change in viewpoint necessitating 
investigations not only into manufacturing operations but also into quality, 


* This article is the basis of a lecture delivered on July 2, 1931, at the University of 
Michigan, Ann Arbor, Mich., to members of the Summer School for Engineering Teachers 
(sponsored by the Society for the Promotion of Engineering Education). 


975 








976 JOURNAL OF CHEMICAL EDUCATION JuNE, 1932 


cost, and available sup- 
ply of all raw materials 
consumed in the manu- 
facture of rubber goods, 
In the following article 
are sketched many of 
the significant steps in 
this story of progress. 


Crude Rubber 


For many years rub- 
ber has been obtained 
from a great variety of 
vines and trees growing 
in the tropical and sub- 
tropical portions of 
America and Africa. 
In the latter continent 
it was largely obtained 
from vines by tapping. 
The white milky liquid 
called latex which ex- 
udes when the tree or 
vine is wounded was 
frequently evaporated 
on the human body, 
the film of rubber ob- 
tained being rolled into 
balls, or it was allowed 

TAPPING A RUBBER TREE to flow on the ground, 
coagulation taking place 
as a result of water absorption by the soil. The dirty coagulum after 
partially drying in the sun appeared on the market in the form of small 
balls. In America the greater part of the rubber was obtained in the 
valley of the Amazon River from the Hevea tree, which grows profusely 
scattered in dense forests. The rubber was obtained by rather crude 
methods; the bark was cut with an axe or a knife and the latex which 
exuded was collected in cups; the liquid latex was evaporated by pouring 
it on a paddle which was turned slowly over a low, smoky fire. On evapo- 
ration of the water in the latex, a film of rubber was deposited; by repeat- 
ing this operation a ‘‘biscuit” of rubber was built up. 

The first systematic attempt to produce rubber by the cultivation of 

rubber trees dates back some fifty years when the English planted some 
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Hevea trees in the botanical garden in 
Singapore. These trees prospered and 
gave promise of a new industry; planta- 
tions were started on a commercial 
scale and by 1904 eleven thousand 
acres were producing rubber on the 
island of Ceylon. Later, extensive 
plantations were started in the Feder- 
ated Malay States, Java, and Sumatra. 














The growing of rubber under carefully Ind. Eng. Chem. 
regulated conditions on the plantations Biscuit OF FINE PARA WITH A 
SECTION REMOVED TO SHOW THE 


turned out to be very profitable and = grrucrure 

large areas have been planted continu- 

ously until recent times. This has taken place concurrently with the 
tremendous growth in the automobile industry. 

The scientists in the employ of the English and the Dutch governments 
at the agricultural experiment stations in Kuala Lumpur, Federated Malay 
States, and Buitzenzorg, Java, have studied intensively the problems in- 
volved in the commercial production of rubber; as a result of their efforts 
it is now possible to obtain cultivated rubber in but few grades, uniformly 
dry, and having practically uniform qualities. They have also standard- 
ized the procedure followed in tapping the trees and have gone into the sub- 
ject of plant breeding. 

Latex, which is a suspension of fine particles of rubber in water, occurs 
in a network of interconnected tubes located in the barky tissues of the 
tree and in the leaves and roots. It is obtained from the Hevea tree by 
tapping; the procedure commonly followed on the plantations involves cut- 
ting out a portion of 
the bark with a gouge 
similar to that used by 
carpenters; a groove 
about one-quarter of 
an inch deep is made 
in the bark at an angle 
of 45°, the groove only 
partially encircling the 
tree. The latex as it 
exudes follows the 
channel and is col- 
lected in small cups 
about the size of a 
teacup. Usually the 


SMOKE HousE FoR RUBBER trees are tapped every 
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other day, a new strip of bark being removed. The flow of latex is ex- 
tremely slow; immediately after tapping, it flows at the rate of about two 
drops per second, diminishing in an hour to about a drop per minute. The 
average volume per tapping is approximately one fluid ounce. 

The rubber in the latex is coagulated with a 1% solution of glacial acetic 
or formic acid in water. Ina short time a viscous coagulum is formed from 
which water exudes on standing or on pressing. This coagulum either is 
squeezed between smooth rolls to a thickness of about a quarter of an inch, 
the slabs then being dried in a smokehouse heated by a smoldering wood 
fire, or is washed and sheeted out in the form of crepe which is dried in a 
loft at atmospheric temperature. 

Latex fresh from the tree is about one-third rubber by weight; the rubber 
exists as small particles, either pear-shaped or spherical, having a diameter 
ranging between 0.5 and 3.0u, these particles having the usual Brownian 
movement. In solution there are also present various cyclic sugars, such 
as quebrachitol (methyl levo inositol) to the extent of about 3% by weight. 
Crude rubber, regard- 


: less of its source, is not a 
g ‘ pure material; plantation 
3 4 rubber , for example, con- 
2 . tains between 0.3 and 
S » 0.5% of ash, between 2.25 
51 and 3.25% of proteins, 


and between 3.0 and 


1900 02 04 06 08 10 12 14 16 18 20 22 24 262830 3.5% of so-called ‘‘resin’”’ 
Year. soluble in acetone. The 
FIGURE 1.—AREA OF RUBBER PLANTATIONS IN THE true rubber content is ap- 


Years 1900 to 1930 
proximately 93%. The 
presence of these impurities is a matter of considerable importance; the 
proteins modify slightly the physical properties of the rubber after mas- 
tication, and to a lesser degree after vulcanization; the resins, consisting 
largely of stearic, oleic, and linoleic acid, have a profound effect on the rate 
of vulcanization, as will be discussed later. 

It has long been known that there is a great difference in the amount of 
rubber produced by mature, individual trees; a few produce as much as 
twenty pounds per annum, while the average tree produces but three 
pounds; hence, it has become the custom when developing new plantations 
to use seeds selected from trees giving a high yield. About twelve years 
ago a further advance was made. It was believed that buds taken from 
trees giving a high yield of rubber would retain these characteristics when 
grafted on trees grown from selected seeds. Preliminary studies having 
proved satisfactory, several thousand acres were planted according to the 
following procedure: seeds are planted one foot apart in nursery beds; 
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when the plant has reached a height of about four feet, which requires 
about six months, a bud from a tree giving a high yield of rubber is grafted 
on the trunk a short distance above the ground; after about twenty days 
the union of the bud with the tree is complete; in order to force the develop- 
ment of the bud the trunk of the tree is cut off a foot above the bud; in 
about ten days sprouts begin to appear on the stump at various places; 
all of these are removed except the one from the newly placed bud; when 
this bud has developed into a shoot about an inch long the young tree is 
transplanted to its final location in the plantation. In the course of about 
seven years the tree matures sufficiently to produce rubber in paying quan- 
tities. Up to date the results have been most gratifying; the yield of rub- 
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FIGURE 2.—WoRLD’s PRODUCTION, IN TONS, OF WILD AND PLANTATION RUBBER 
DURING THE YEARS 1900 To 1930 


ber from budded trees is claimed to be between 800 and 1000 pounds per 
acre per annum, which is a large increase over the average production of 
about 300 pounds from trees grown from seed in the usual manner. It 
is very likely that areas to be planted in the future will have budded stock. 

The following data apply to a first-class rubber plantation with selected 
but not budded trees: 


Trees per acre 80 to 125 

Rubber produced per acre per year 400 pounds (181 kg.) 
Rubber produced per tree per year 4.0 pounds (1.81 kg.) 
Rubber produced per tree per day 0.17 ounce (5.0 g.) 


When tapped on alternate days (150 tappings per 
year) the production per tapping is 0.42 ounce (12.1 g.) 
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Average rubber content of the latex 33% 
Yield of latex per tree, tapped on alternate days 1.25 ounces (36 cc.) 

The number of employees on the plantations in the Far East is around 
eight hundred thousand, of whom only a few thousand are ‘‘whites,” 
Prior to 1930 the cost of bringing a plantation into bearing was approxi- 
mately 400 U. S. dollars per acre. 


Cotton Fabric 


The rubber industry is a very large consumer of cotton fabrics; for ex- 
ample, a pneumatic tire contains approximately, by weight, one-third 
rubber, one-third cotton, and one-third pigments and other materials; 
garden hose, boots and shoes, and belts contain, respectively, one-third, 
one-third, and three-fourths their weight of cotton fiber. It is estimated 
that the rubber industry throughout the world consumes at least three 
hundred million pounds per year of cotton spun and woven into various 
types of fabrics, which corresponds to approximately six per cent. of the 
total American crop. Of this cotton approximately two-thirds is used in 
the construction of pneumatic tires. 

Until within the last ten years it was thought throughout the industry 
that the tensile strength and elongation, which are the more important 
criteria of the service which a fabric will give, were largely determined by 
the length of. the cotton fiber and it was customary to use in the better 
grades of goods long-staple fibers, which are much more expensive to pro- 
duce than those having a short staple. In cords intended for use in pneu- 
matic tires Egyptian and Sea Island cottons were thought to be indispen- 
sable. The average length of the cotton fiber from different localities is 
about as follows: 


Sea Island 13/,” 
Pima 15/,” 
Imperial Valley 11/4” 
Egyptian 11/,” 
Texas MY 

Upland 15/46" 


During the past ten years some striking changes have taken place in the 
cotton and the automobile industries. Because of the difficulties and the 
expense involved in the growing of long-staple cotton and the unwilling- 
ness of the consumers to pay the price, the American farmer in the South 
has virtually standardized on a short-staple fiber having an average length 
of 11/5”, and to a limited extent on so-called Peeler cotton having a length 
between 1°/,.” and 1!/,”._ During this sarne period the automobile manu- 
facturer has developed automobiles heavier in weight, with higher powered 
engines, making it possible to develop higher speeds, which necessitates 
more powerful brakes, all of which means that the rubber manufacturer has 
been forced to develop a more sturdy tire, the backbone of which is cotton 
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cord. The cotton manufacturer has met the situation by more careful 
attention to all the details of manufacture, and by developing new types 
of construction. With short-staple fiber, which was regarded as unsatis- 
factory ten years ago, it is now possible to secure cord of a superior quality. * 
That this is true is evidenced by the fact that the life of a pneumatic tire is 
about double what it was eight years ago. 

The construction of cords now in common use by the tire manufacturers 
in this country is as follows: about two-thirds of the cord used is the 
so-called hawser cord 23’s/5/3, which means that five plies of yarn No. 
23 (yarn number equals the number of hanks of 840 yards each required to 
weigh one pound) having a right-hand twist are twisted into a ply of cord 
in which the twist is to the right, and of these cords three are assembled 
into one cord by twisting toward the left. The remaining third of the 
cord is divided between 13’s/3/3, 15’s/3/3, 17’s/3/3, and 23’s/4/3, most 
of which require the coarser yarns. 

Some of the physical properties of cords are as follows: 


Tensile Strength Elongation 
Construction Fiber Length at Rupture at Rupture 
15’s/3/3 11/39" to 11/16” 13 to 16 lb. 18 to 22% 
The above cord is used in the manufacture of the cheaper grades 
of tires. 
23’s/5/3 11/;6” 16 to 18 lb. 21 to 22% 


(American short-staple cotton) 
Largely used in the manufacture of tires intended for passenger 


cars. 
23’s/5/3 13/16” to 11/4” 19 to 21 Ib. 20 to 24% 
Long-staple Peeler or Egyptian cotton, largely used in the 
manufacture of bus and truck tires. 


Pigments, Softeners, Fatty Acids, and Solvents 


Until ten years ago either the manufacturers of rubber goods were unable 
to set up specifications for the quality of the raw materials or the suppliers 
were unable to furnish exactly what was required of them. With the 
rapid growth of the rubber industry there has developed a clearer concep- 
tion of the properties required in the various raw materials. It is now pos- 
sible to secure better and cheaper products than ever before; for example, 
carbon black of uniform physical properties can now be purchased from 
a large number of manufacturers. As the result of research work on the 
part of the dye manufacturers a great variety of dyes which will withstand 
the process of vulcanization is available. Among the new materials which 
have recently been adopted are the following: titanium dioxide which, 
because of its intense whiteness and fineness of subdivision and permanence 

* During the past ten years the ratio of the ultimate tensile strength of the fibers 
assembled in cord form to the tensile strength of the individual fibers has increased from 
fifty per cent. to seventy per cent. 
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of color, is gradually replacing lithopone; a very finely divided whiting 
(precipitated chalk) prepared by the action of carbon dioxide on calcium 
hydroxide suspended in water containing certain colloidal materials in 
solution; a so-called ‘‘soft’’ carbon black different from ordinary carbon 
black in that it imparts a more velvety feel and a lower modulus to the 
cured rubber; crude lauric acid (prepared from cocoanut oil) which is 
gradually replacing stearic acid. 

Of late there has been a tendency to replace benzol as a solvent for rubber 
in cement form with commercial hexane as obtained from gasoline by frac- 
tional distillation. Hexane has two advantages over benzol: it boils at 
a slightly lower temperature and within as narrow a range; moreover, its 
vapor is free from poisonous effects. 


Vulcanization and Vulcanizing Agents 


In the early part of the nineteenth century there was a considerable de- 
mand for fabrics made waterproof by the application of rubber. It was 
customary in those days to soften the rubber by working it between rolls 
and applying it to the fabric either in the form of a thin sheet on a calender, 
or of a cement, that is, a solution of rubber either in coal-tar naphtha or 
turpentine. As the surface of such rubber was very tacky, it was cus- 
tomary to reduce the tack by incorporating in the rubber dough a material 
such as lime, magnesia, or whiting, which had a drying effect. Even then, 
the quality of these goods was poor; in the summer time the rubber sur- 
face became soft and tacky and in the winter the film of rubber became hard 
and stiff; moreover, the rubber had slight resistance to abrasion, and if 
stretched it failed to return to its original shape. In 1839 Charles Good- 
year discovered that by heating rubber into which sulfur had been incor- 
porated the physical properties were profoundly changed; it lost its tacki- 
ness, returned to its original length with slight permanent set even after 
being highly stretched; it had high resistance to abrasion and no longer 
stiffened when exposed to a low atmospheric temperature nor softened at a 
high temperature; in fact, it always returned substantially to its original 
shape and size after distortion. This discovery forms the basis of the rub- 
ber industry. A few years later Nelson Goodyear, brother of Charles 
Goodyear, discovered that by prolonged heating of rubber with half its 
weight of sulfur a black, ebony-like product was obtained, quite flexible, 
having very high tensile strength and low elongation. This product be- 
came known as hard rubber or ebonite. 

The effect of heating a mixture of 100 parts of rubber and 66.7 parts of 
sulfur can be studied by the following procedure. Sheets of this mixture 
are heated (cured) between platens at a temperature of 338°F., the time 
of heating being increased by 10-minute increments; determinations are 
made of the tensile strength and elongation in the usual manner, the results 
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being plotted on codrdinate paper (see Figure 3). It will be noted that 
after heating for a short time a product is obtained having a tensile strength 
of about 3800 pounds per square inch with an elongation of about 800%; 
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CHARLES GoopyEar, 1800-1860 


While a boy he worked in a button factory; later he was apprenticed to a 
firm of hardware merchants in Philadelphia; in 1830 he became interested in 
the manufacture of rubber goods; in 1839, after nine years of experimenting, he 
discovered the process for vulcanizing rubber. 


after further heating during a short period the tensile strength and elonga- 
tion rapidly decrease, the former falling to about 500 pounds per square 
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inch. On further heating the tensile strength rapidly increases, the maxi- 
mum finally reaching about 10,000 pounds per square inch, and the 
elongation decreases to about 3%. These two types of material, one with 
moderate tensile strength and great elongation, the other with high tensile 
strength and low elongation, represent the two extremes of products now 
manufactured of rubber, the one extreme being known as soft rubber and 
the other, hard rubber.* 

While the above physical changes are taking place as a result of vulcani- 
zation, there is a chemical combination of the rubber with sulfur. In the 
“soft” rubber stage the vulcanized rubber contains between 1.5 and 2.5% 
of combined sulfur; in the hard rubber stage it has a limiting value of 
about 32%, which corre- 
sponds with a compound 
having the formula (C;- 
H;S),. Fully cured hard 
rubber, therefore, may be 


10, 
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FIGURE 3.—PROGRESSIVE CHANGES IN TENSILE Sulfur still remains su- 


STRENGTH AND ELONGATION DUE TO VULCANIZA- preme as a vulcanizing 


TION 
agent for rubber, but 


during recent years attempts have been made to secure unique or improved 
qualities by other agentsor methods. Peachey, for example, found it possible 
to vulcanize thin sheets of rubber by passing them alternately through hy- 
drogen sulfide and sulfur dioxide gases at ordinary temperature; the nas- 
cent sulfur formed by the reaction of the two gases vulcanized the rubber. 
Ostromislenskii has found it possible to effect vulcanization by heating 

* It is to be noted that in the manufacture of soft rubber goods it is customary 
to employ not over 6 to 8% of sulfur on the weight of the rubber. 

** According to the above statement, vulcanization is the result of the combination 
of sulfur with rubber. The mechanism of the change in physical properties is in dispute; 
according to one school, not only is there a direct combination of rubber and sulfur, 
but there is also a transformation of the rubber into another material, either by isomeri- 
zation or polymerization. 
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rubber with 3% its weight of symmetrical trinitrobenzene plus considerable 
zinc oxide, or with 3% its weight of m-dinitrobenzene plus considerable 
litharge. Most of the physical properties of rubber vulcanized in this way 
are inferior to those secured by vulcanizing with sulfur. Such vulcanized 
rubber, however, has some unique properties which adapt it to uses in a 
small way in certain lines of rubber manufacture. 

Lately a commercial product known as Tuads (which chemically is tetra- 
methyl thiuram disulfide) incorporated into rubber to the extent of 4%, 
with or without the addition of about 1% of sulfur, has been used in certain 
types of rubber goods which are exposed to the deleterious effects of pro- 
longed heating in service; for example, inner tubes for the larger sizes of 
automobile tires carrying heavy loads. The vulcanization is effected by 
a loosely combined atom of sulfur in the disulfide. 

Selenium and tellurium, which chemically resemble sulfur, have been 
successfully used during the past few years; selenium, in particular, is being 
employed to a very limited extent in the manufacture of rubber belts, insu- 
lated wire, and oil-resistant compounds. It is customary to use selenium 
to the extent of about 1% on the weight of the rubber, along with an equal 
amount of sulfur and the necessary amount of organic accelerator. 
Among the advantages claimed for the product are increased abrasive re- 
sistance, rigidity, stiffness, and resistance to oil. Compounds containing 
selenium are said to have remarkably long life in service. 


Accelerators of Vulcanization 


In 1840, shortly after discovering the principles underlying the vulcaniza- 
tion of rubber, Charles Goodyear found that by the addition of lime, mag- 
nesia, or litharge to a compound containing Fine Para rubber and sulfur 
the time required to secure the optimum physical properties could be 
shortened, with considerable improvement in quality; for example, a mix- 
ture containing 100 parts of Fine Para and 10 parts of sulfur has an opti- 
mum cure of 210 minutes at 140°C.; if the sulfur is reduced to 6 parts, and 
10 parts of litharge are added, the tensile strength is increased from 2800 
pounds per square inch to 3250 pounds, with a reduction in time of cure 
from 210 to 25 minutes at a temperature of 140°C. This increase in the 
rate of vulcanization with a corresponding improvement in the physical 
properties by the use of materials such as litharge, lime, or magnesia does 
not, however, hold for many grades of rubber such as ‘‘Africans’”’ and ‘‘Cen- 
tral Americans,’ which were in common use up to twenty years ago. Such 
rubbers were regarded as being inferior in quality and brought a low price 
in the world’s markets. It became apparent some twenty-five years ago 
to a few of the scientists connected with the rubber industry that the differ- 
ence in the rate of vulcanization and in the physical properties of the vulcan- 
ized rubber obtained from the high-grade and the second-grade crude rub- 
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bers was in some way associated with the impurities present, which could 
be removed by extraction with a solvent, such as acetone. After consider- 
able research it was found impossible to separate and identify the impurities 
present in a high-grade rubber such as Fine Para. Accordingly, a study was 
made of the effect of different types of organic compounds on the rate of 
vulcanization. It soon became apparent that many organic compounds 
which either were basic in nature or contained an amino or nitroso group 
had a profound effect upon the rate of vulcanization and upon the quality 
of the vulcanized product. The results of this investigation were promptly 
put into effect on a large scale in one American factory with great secrecy 
and with great profit, the materials then used being thiocarbanilide and 
p-aminodimethylaniline; 
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Mixture: Para Rubber 92.5% , 
Sulfur 7.5% classified as follows: 
100.0% 1. Amino derivatives 
FIGURE 4.—PROGRESSIVE CHANGES IN STRESS- of aldehydes; é. g. 
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tetramine, aldehyde ammonia, ethylideneaniline, butylideneaniline. 
Aliphatic amines and piperidines, also their addition products; 
e. g., the dimethylamine salt of dithiocarbamic acid, the piperidine 
salt of pentamethylenedithiocarbamic acid. 

3. Aromatic amines and compounds formed by their reaction with car- 
bon disulfide; e. g., o-ditolylthiourea. 

Guanidines; e. g., mono-, di-, and tri-phenylguanidine. 

Nitroso bodies; e. g., nitrosodimethylaniline. 

Thiuram disulfides, formed by the oxidation of dithiocarbamates. 
Xanthates; e. g., zinc isopropylxanthate. 

Salts of dithio acids; e. g., zinc salt of dithiofuroic acid. 

Thiazoles; e. g., mercaptobenzothiazole. 
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In spite of the use of organic accelerators, manufacturers found that there 
is frequently a variation in the rate of cure of different types of plantation 
rubber and between different lots of the same type of rubber. It was estab- 
lished in 1923 that the cause thereof was a variation in the amount of 
stearic, oleic, and linoleic acids which occur naturally in rubber to the ex- 
tent of about 1.4%. This difficulty was overcome by adding to the rubber 
mix, stearic acid to the extent of between 0.5 and 3.0% of the rubber 
used. During the past three years stearic acid has been partly replaced 
by crude lauric acid, 
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peratures such as 
240°F.; it produces a 
fast rate of cure at 
high temperatures such as 290°F.; it has the very desirable property of 
not being adsorbed by carbon black. 

Aldehyde amines, next in importance to Captax; several accelerators of 
this type are adsorbed somewhat by carbon black and hence are not much 
used in tire tread mixings; excellent for compounds containing rubber, 
sulfur, and a small amount of zinc oxide; polybutyraldehyde aniline is the 
most widely used accelerator of this class; others of less importance are 
aldehyde ammonia, hexamethylenetetramine, heptaldehyde aniline, and 


FicureE 5.—ULTIMATE TENSILE OF FINE PARA RUBBER 
VULCANIZED AT 141°C. DURING VARIOUS PERIODS OF TIME 














988 JOURNAL OF CHEMICAL EDUCATION JUNE, 1932 


trimene base (triethyltrimethylenetriamine), which give excellent results 
around 270°F. or over. 

Guanidines; di-o-tolylguanidine and diphenylguanidine are in common 
use; the latter accelerator, which was formerly used in large quantities in 
tire treads, because of its being badly adsorbed by carbon black is gradu- 
ally giving way to mercaptobenzothiazole. 

Tetramethylthiuram monosulfide (trade names, Thionex and Monex), 
also Tetramethylthiuram disulfide (trade name, Tuads), in a class by them- 
selves and commonly known as ultra-accelerators, because of their effective- 
ness at temperatures ranging between 212° and 240°F., commonly used 
where rapid vulcanization is desired. 

Other accelerators in common use for special purposes are the piperidine 
salt of pentamethylene dithiocarbamic acid, the zinc salt of dimethyldi- 
thiccarbamic acid, methyleneparatoluidine, and thiocarbanilide. 

Most organic accelerators are characterized by the fact that they are 
either crystalline or resinous materials having a melting point below 150°C., 
or oils easily incorporated into rubber and preferably soluble in rubber, 
non-toxic, and not staining the finished product. The amount used is be- 
tween 0.25 and 2.0% of the weight of the rubber; about four thousand 
tons are consumed annually throughout the world. 

In order to obtain a clear insight of the effect of organic accelerators on 
the rate of vulcanization and on the improved physical properties which 
they impart, reference should be made to Figures 4 and 5, comparing the 
results obtained with rubber and sulfur alone, and rubber and sulfur with 
the addition of several organic and one inorganic accelerators. 

To the manufacturer of rubber goods the introduction of organic acceler- 
ators has been of tremendous importance; in addition to a slight reduction 
in material costs, it has reduced the investment in molds, vulcanizers, 
other equipment, and factory buildings by about one-half; due to improved 
quality, the service given by an article such as an automobile tire has been 
more than doubled. 


Use of Age Resistors in Vulcanized Rubber 


Certain grades of crude rubber, notably Fine Para, when exposed during 
a few weeks to direct sunlight and air undergo no great change; other 
grades, however, either because of depolymerization or oxidation, or both, 
first turn tacky on the surface, then become brittle, the whole mass finally 
becoming resinous. If the resin and other impurities in Fine Para are 
removed by extraction with acetone or alcohol, or if the proteins and resinous 
materials are removed by digestion with a dilute alkaline solution, the 
treated rubber deteriorates very rapidly, becoming tacky on the surface 
and finally changing into a brittle resin. From this it follows that certain 
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grades of crude rubber contain materials which protect it more or less 
from atmospheric oxidation. Such materials are known as anti-oxidants. 

Unfortunately, when even the best grades of rubber are vulcanized their 
resistance to atmospheric oxidation frequently is greatly diminished. In 
a short space of time, either a few months or a few years at the most, they 
begin to harden and lose their resistance to abrasion and stretching. This 
characteristic weakness of vulcanized rubber is especially marked in rubber 
mixings containing large amounts of carbon black. 

In their endeavors to find materials which will protect vulcanized rubber 
from deterioration under ordinary atmospheric conditions chemists have 
studied exhaustively the non-rubber constituents in crude Fine Para 
but have been unable accurately to determine their chemical composition 
and structure. They have, therefore, during the past few years turned 
their attention to developing synthetic materials having certain specific 
properties as anti-oxidants. Up to the present time they have met with 
considerable success and as a result of their efforts a large number of these 
chemicals, termed ‘‘anti-agers,’’ ‘‘age resistors,’”’ or ‘‘anti-oxidants,’’ are 
now on the market and are in common use. These chemicals may be 
classified as follows: 


1. Compounds containing an hydroxyl group bound to an aromatic nucleus; for 
example, p-phenylphenol. 

2. Compounds containing a primary amino group bound to an aromatic nucleus; 
for example, diaminodiphenylmethane. 

3. Compounds containing a secondary amino group; for example, phenyl-f- 
naphthylamine, diphenylethylenediamine. 

4. Aldehyde amine reaction products; for example, aldol-a-naphthylamine. 


. 


Among the anti-oxidants now commonly used are the following: 


Trade Name Chemical Composition 

AgeRite Resin Aldol-a-naphthylamine 
AgeRite Powder and 

Neozone D Phenyl-8-naphthylamine 
AgeRite White Di-8-naphthyl-p-phenylenediamine 
AgeRite Gel Ditolylamine petroleum wax 
Antox p-Aminophenol 
Neozone A mixture of phenyl-a-naphthylamine, stearic acid 

and 2,4-diaminotoluene 

Neozone A Phenyl-a-naphthylamine 
Resistox p,p-Diaminodiphenylmethane 
Stabilite Diphenylethylenediamine 
VGB © An acetaldehyde-aniline compound 
BLE An acetone-amine compound 


Most of the above materials occur in commerce either as oily liquids, 
powders, or resinous materials, all of them easily incorporated into the rub- 
ber during the mixing operation. The amount required to produce the 
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desired effect varies with the nature of the compounding ingredients; 
usually it is between 0.5 and 1% on the weight of the rubber. 

Inasmuch as the deterioration of vulcanized rubber usually progresses 
slowly it has become necessary to develop rapid methods for duplicating 
natural aging or deterioration. At the present time there are two widely 
used methods: one, devised by Dr. W. C. Geer, according to which test 
strips of rubber are suspended up to 21 days in an oven at 70°C., through 
which is passed a continuous supply of air; the other, devised by Messrs, 
Bierer and Davis, according to which the test pieces are kept in a bomb 
under pressure of 300 pounds per square inch of oxygen at either 60 or 70°C. 
during a period up to 96 hours. The effect of exposure of the rubber to 
hot air or hot, compressed oxygen under the above conditions is measured 
by changes in tensile strength, elongation, tear, abrasive resistance, or other 
physical properties. In order to evaluate completely the aging qualities of 
rubber goods it is necessary to apply both of these methods of accelerated 
aging. Attempts have been made to correlate these two methods with 
natural aging, that is, exposure to air at ordinary temperatures in diffused 
daylight. With some types of compounds it has been found, for example, 
that 2 days’ exposure in the Geer oven or 5 hours’ exposure in the Bierer- 
Davis bomb at 70°C., or 10 hours at 60°C., is approximately equal to one 
year’s natural aging. By properly interpreting the results of these two 
rapid methods of testing it is now possible for the manufacturer to design 
compounds which will have a prolonged life in service. It is not to be for- 


Aging Results: Tire Tread Compound 


“Smoked sheets” rubber 55.20 Ib. 
Sulfur 2,20." 
Zine oxide 15.00 
Carbon black 20.00 
Mineral rubber 5.00 
Palm oil 2.00 
Hexamethylene tetramine 0.55 
Phenyl-8-naphthylamine 0.00 


100.00 
Cured 45 min. at 294°F. (146°C.) 


OvEN AGING 
Tensile Tensile 2 
Strength, Elongation, Strength, Elongation, 
Lb. /Sq. In, % Lb. /Sq. In. % 


Original 4000 680 3950 680 
7 days aging 2300 500° 3000 590 
14. * SF 1250 310 2550 510 


Boms AGING 
48 hr. 1350 460 2900 590 
6 750 320 2700 590 
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gotten, however, that not one commercial anti-oxidant yet discovered will 
prolong the life of rubber indefinitely. A great deal of study is being de- 
voted to discovering better and cheaper anti-oxidants than those now in use. 

The following examples show the beneficial effects of anti-oxidants in 
typical tire tread and carcass stocks. 


Aging Results: Tire Friction Compound 


“Smoked sheets” rubber 45.00 Ib. 45.00 Ib. 
“Pale crepe” rubber 46.18 “ 46.18 ‘“ 
Sulfur 3:60 ** 2.50 
Zinc oxide 5:00.‘ 5.00 
Stearic acid 0.32 0.32 
Vulcone* 1.00 1.00 
Phenyl-8-naphthylamine 0.00 0.50 


100.00 ‘ 100.50 
Cured 30 min. at 294°F. (146°C.) 


OvEN AGING 
Tensile Tensile 
Strength, Elongation, Strength, Elongation, 
Lb. /Sq. In. % Lb. /Sq. In. % 


Original 3150 800 3100 730 

7 days aging 2900 700 3200 710 

je - 2500 680 2750 660 

> = 1450 600 2300 660 
BomsB AGING 

72 hr. si 2930 770 3250 700 

96 * : 2020 700 2900 680 


* Prepared by the condensation of aliphatic aldehydes with aniline, followed by 
polymerization. 


Industrial Uses for Rubber Latex 


One of the most interesting recent developments in the rubber industry 
has been the increased use of rubber latex. Although it has long been 
known that latex upon evaporation leaves a film of rubber, no practical 
commercial application of this property was made until within the last 
ten years. The importance of latex in the direct manufacture of rubber 
goods may be grasped from the fact that during the year 1930 there were 
imported into the United States several million gallons of latex; the dry 
rubber content of this latex was 2500 tons. 

Latex is imported in two forms; either in its original condition as ob- 
tained from the tree, with the addition of a small amount of a preservative 
such as ammonia, or in a concentrated form with the addition of stabilizing 
materials such as soaps, gums, ef cetera. The latex in the unconcentrated 
form constitutes probably about three-quarters of the total imported into 
this country. It is used by one manufacturer of cord tires; the web of 
cords is impregnated and covered with a layer of rubber, not by the usual 














June, 1932 





992 JOURNAL OF CHEMICAL EDUCATION 


procedure of frictioning and coating on a calender, but by drawing it 
through a bath of a compounded latex containing pigments, sulfur, acceler- 
ators, et cetera, the impregnated web then being dried by passing it over 
heated drums. The concentrated latex used in the manufacture of rubber 
goods either by the so-called anode process or by the dipping process is 
imported in several forms: a so-called Revertex, prepared by evaporat- 
ing latex at the plantation in a rotary drier until the total solids are be- 
tween 75 and 78% (the evaporated latex contains a small amount of 
added soaps for the purpose of stabilization); Uterex, prepared at the 
plantation by removing from the latex a portion of the water by means 
of a centrifuge of the milk separator type, the rubber content of the latex 
thereby being increased to about 60%; Lotol, prepared by the creaming 
of latex to which has been added between 0.1 and 0.2% of a solution of 
Irish Moss or gum tragacanth; and Vultex, which is vulcanized latex 
having a rubber content of about 50%. 

Two methods of manufacturing so-called dipped goods in the rubber 
industry from latex are now coming into common use. Until recently 
such goods were prepared almost exclusively by dipping into rubber cement 
a form having the desired shape, withdrawing it, allowing the solvent to 
evaporate, and redipping it until the desired thickness was obtained. In 
the manufacture of surgeons’ gloves, for example, having a thickness of 
0.008 to 0.010 of an inch, six to eight dips were required, whereas in the case 
of electricians’ gloves, having a thickness of 0.040 of an inch, twenty to 
twenty-four dips were necessary. After the complete evaporation of the 
solvent the formed article was ‘“‘cured”’ either by exposure to vapors of sul- 
fur chloride or by dipping into a dilute solution of sulfur chloride in benzol 
or carbon disulfide, or by heating in open steam, in which case it was neces- 
sary to use sulfur in the dipping cement. This process involved the use of 
large quantities of inflammable solvents which were a serious item of ex- 
pense and danger to the manufacturer. 

In the dipping process using latex as a source of rubber a form of a suit- 
able material is coated with a film of a solution which acts as a coagulant 
for rubber; for example, solutions of barium, strontium, calcium, and mag- 
nesium chlorides. The form is dipped into the latex compounded accord- 
ing to the quality of the goods desired and is allowed to remain therein for a 
few minutes. If a thicker deposit is required, the process is repeated. 
The coagulum still on the form, after drying for complete removal of water, 
is vulcanized in open steam or in hot air. 

The anode process depends on the fact that when an electrical current is 
passed through latex the rubber particles, being negatively charged, move 
toward the anode and are discharged with the formation of a coagulum. 
In this process the pigments and the sulfur having a particle size of 0.5 to 
2.0 my are added to the latex, which is then brought to a pH value of 9.5 
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and a conductivity of 0.0045 to 0.0050 mho. This latex is placed in a tank 
in which is suspended a cathode, usually an iron plate, and an anode of 
zinc which has the dimensions and shape of the article to be manufactured. 
A current having a density between 0.05 and 1.0 ampere per square inch 
is applied; the density and the time of flow of the current depend upon 
whether thin articles such as surgeons’ gloves or thick articles such as 
electricians’ gloves are to be deposited. During the passage of the current 
zinc oxide is formed in small quantities at the anode and the negative 
charge of the latex particles is neutralized, causing coagulation. After a 
sufficiently thick deposit has been formed the anode is removed from the 
latex bath and after complete drying in air is heated either in steam or hot 
water in order to vulcanize the deposited rubber. 

The quality of articles prepared from latex is much superior to that of 
goods made from rubber cement; the tensile strength varies between 4500 
and 5000 pounds per square inch, with an ultimate elongation of about 
900%; their aging properties and their ability to withstand repeated boil- 
ing in water followed by drying out, as, for example, in the sterilization of 
surgeons’ gloves, are excellent; their electrical properties are exceptionally 
good; for example, electricians’ gloves having a thickness of 0.040 of an 
inch have a uniform breakdown test of 26,000 volts. 

Perhaps the greatest advantage resulting from these processes is the 
possibility of building up at a small expense rubber deposits on a great 
variety of articles having odd and irregular shapes. When made by hand 
such articles are costly. From properly compounded latex a deposit of 
rubber, either soft or hard, may be built up on irregularly shaped articles 
such as plating racks and dipping tanks used for electroplating, forming 
racks, washing trays, fan blades, including fans for handling corrosive 
fumes and suspensions of abrasive materials, spinnerette tubes for the 
rayon industry, perforated metal and screens for wet screening, and a great 
variety of other objects used in industry. 

A process has recently been worked out for the conversion of rubber into 
artificial latex. This may be accomplished by the prolonged mastication 
of rubber in an enclosed mixer with the slow addition of an aqueous solution 
of a protective colloid, such as glue. The glue solution is taken up by the 
tubber in the form of a very fine emulsion; when the concentration reaches 
a certain point an inversion of the structure results; the rubber breaks 
down into very fine particles having dimensions of between 1 and 3 mu, 
the glue solution then becoming the continuous outer phase. At the pres- 
ent time only a relatively small quantity of artificial latex is used in indus- 
try, mainly because of its excessive cost; however, when it is desired to 
secure a thin, tacky film of rubber the artificial latex may be used to ad- 
vantage. Since such latex improves adhesion between rubber and fabric 
plies. it finds a limited use in the spreading of fabrics. 
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Latex is also being used on a small scale in the manufacture of a paper 
which is translucent, with a high tensile strength and great resistance to 
tear, also to a limited degree in the manufacture of imitation leather. 
During the past year one manufacturer has brought out a carpet in which 
the pile, instead of being locked in place by the warp in the burlap backing, 
is made to adhere to the backing by means of a rubber latex. It is 
claimed that by this method it is possible to manufacture carpets having 
long life and lending themselves to a great variety of artistic effects. 


Mechanical Equipment 


Following the example set by the automotive industry, the rubber in- 
dustry has adopted mechanical handling and straight-line production as 
far as possible; also the use of con- 
trolling instruments and recording 
devices to make possible a greater 
accuracy and uniformity in plasticity 
and thickness of the component parts 
of articles before assembly in their 
final form. 

A great deal of progress has been 
made in obtaining a uniform product 
during the calendering operation. In 
order to maintain uniformity of gage 
and smoothness of surface, the tem- 
perature of the calender rolls is kept 
uniform. This is accomplished by 
means of a thermocouple in constant 
contact with the surface of the roll; 
this thermocouple by means of ap- 

Une Yrganmame ror Commie PxEv- propriate apparatus may regulate 

the supply of cooling water passing 
through the roll. The thickness and the weight of the calendered sheet of 
rubber, or of the frictioned and coated fabric, are indicated continuously 
at the calender by various instruments; one of these, known as the ‘‘Veri- 
graph,” operates by changes in electrostatic capacity of part of an electrical 
system; another instrument, known as a magnetic gage, operates by 
changes in the reactance in a portion of an electrical circuit. These instru- 
ments record on a moving sheet of paper the actual thickness, with an ac- 
curacy of one-half of one-thousandth of an inch, as well as variations in 
weight from a predetermined standard in terms of ounces per square yard. 

In factories having a daily capacity of 20,000 tires or over it has been 
found economical to adopt the continuous calendering of the cord fabric 
used in building the tire carcass; the cords as they unwind from spools 
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assembled on a creel are gathered together in a web and are usually coated 
simultaneously on both sides by means of a four-roll calender. By this 
arrangement a continuous web of cord is delivered to the calender without 
any break whatever, it only being necessary to replace the spools as fast 
as they become empty. It is thus possible to operate a calender continu- 
ously for a week or longer, if desired. 

It has long been the custom to plasticize the rubber by ‘‘working”’ it on 
large mills as a preliminary to the incorporation of the compounding in- 
gredients; the mills used for this purpose consist of two horizontal, cored 
rolls of chilled steel cooled internally with water; these rolls operate at 
different speeds and in opposite directions; the space between them is ad- 
justable. As a result of the shearing effect during the working, commonly 
called mastication, the 
rubber is softened; at 
the same time, due to 
stresses set up in the 
rubber and to electrical 
charges on its surface, 
there is a slight chemi- 
cal combination with 
the oxygen of the air, 
the amount combined 
probably being under 
two-tenths of one per 
cent. The rubber after 
being ‘‘worked’’ on the 
mill ten minutes or 
longer becomes soft and 
plastic and while in that 
condition it is ready 
for the incorporation of 
the various compounding ingredients. For many years the rolls in com- 
mon use have had a length and diameter of 84 and 24 inches, respectively, 
the ratio of revolution of the two rolls being from 1:11!/, to 1:1'/s. The 
charge of rubber for such a mill is about 220 pounds and the power re- 
quired for operation is about 100 h.p. 

During the past few years a new type of machine has appeared in this 
country for the mastication of crude rubber, known as the Gordon Plasti- 
cator; this apparatus consists of two Archimedes screws about 20 inches 
in diameter and about 6 feet long, operating in water-jacketed cylinders 
placed vertically over one another, the upper screw discharging into the 
lower one in an appropriate manner. The crude rubber is fed continuously 
through a hopper attached to.the top cylinder and during its passage 
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through the machine is subjected to vigorous ‘‘working.’”’ It is discharged 
from the lower cylinder in the form of a tube between 6 and 12 inches in 
diameter. In cases where it is desired to secure greater plasticity the 
rubber is given a second pass through the plasticator. If the rubber is 
given but one pass, the capacity of the machine is 6500 pounds of rubber 
per hour, which is about five times the capacity of the conventional 84- 
inch mill. The power required is about 500 h.p. By the use of this ma- 
chine it is claimed there is an economy in power of about 7%, in floor 
space of about 50%, and in labor 66%. 

The incorporation of the pigments into the rubber is effected on rolls 
similar to those used 
for mastication as de- 
scribed above. Here 
again, the old style roll 
mill has been giving 
way to the so-called 
“‘internal mixers’”’ 
which have been 
adopted during recent 
years in factories de- 
voted to the large- 
scale production of 
automobile tires. In 
this type of mill, 
represented by the 
Banbury mixer, rotat- 
ing blades, and not 
smooth rolls, are used. 
In some respects these 


Ind. Eng. Chem. machines resemble 


BANBURY MIXER USED IN INTIMATELY MIXING RUBBER : 
AND COMPOUNDING INGREDIENTS dough mixers or the 

















Werner and Pfleiderer 
mixers in common use in factories handling plastics. Unfortunately, 
because of the impossibility of providing a large cooling surface in the 
jacket of this type of machine it is difficult to keep certain types of 
batch, such as tread stock, below the temperature of curing; hence, it is 
frequently necessary to use the following procedure: all the pigments, 
oils, et cetera, with the exception of sulfur, are mixed with the rubber in 
the Banbury machine, requiring about 10 minutes; the stock as it issues 
from the machine at a temperature of around 300°F. is transferred to an 
84-inch roll mill and, after it is cooled sufficiently, the sulfur is incorporated 
in the usual manner. The Banbury mixer has high capacity per unit of 
time; five mixers, for example, of size No. 11 are equivalent to nineteen 
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84-inch roll mills in volume of output. By their use the mixing cost is re- 
duced by about one-third. 

A marked change is taking place in the type of heaters used in the vul- 
canization of tires and inner tubes. Until recently practically all tires were 
cured in molds externally heated by steam, these molds, 24 to 30 in number, 
being piled on a vertical hydraulic ram enclosed in a steam-jacketed kettle. 
After closing the kettle, heat is applied by means of steam at a tempera- 
ture between 260° and 300°F.; the time of cure for tires used on pleasure 
automobiles (4 to 6 plies) is between 50 and 100 minutes; for heavy duty 
truck tires having between 10 and 16 plies, the curing time is between 2 
and 6 hours. By means of individual vulcanizers, now being adopted ex- 
tensively, each tire is cured in a steam-heated, cored mold which is con- 
structed in halves; 
the lower half of the 
vulcanizer is station- 
ary, while the upper 
half is either movable 
in a vertical direction 
or may be tilted back, 
depending on the de- 
sign. This type of 
vulcanizer has been 
made practically auto- 
matic; after the tire 
containing an ‘‘air 
bag” or ‘‘water bag’”’ 
is placed in the mold, 
a button is pushed; 
the mold closes and 


locks automatically 
and air or superheated water is turned into the bag and the heating 


is continued during a predetermined time, which may be adjusted at 
will by means of a clock arrangement operating various valves; at the 
end of the cure the water or air is blown out of the bag, the mold 
opens and the tire is lifted away from the mold; these operations are 
performed automatically. This seems to be the last word in vulcanizing 
machinery. 

Unit vulcanizers are now commonly used for vulcanizing inner tubes. 
The uncured tube, formed either by extrusion from a tubing machine or 
by building up on a drum in an appropriate manner, is vulcanized in an 
individual vulcanizer resembling those described above; the temperatures 
commonly used are between 280° and 310°F.; the time of cure is between 
5 and 20 minutes. Such tubes are known as molded tubes. 
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Summary of Past Developments 


During the past twenty-five years the noteworthy advances in the rubber 
industry have included the following developments: the replacement of 
the so-called wild rubbers lacking uniformity in quality with rubber pro- 
duced in a systematic manner under regulated conditions on plantations; 
the production of fabrics by improved methods of manufacture from cotton 
grown exclusively in the United States which will meet the extreme re- 
quirements of the modern automobile tire; the improvement in tread wear 
of tires by the introduction of finely divided pigments, such as carbon black; 
the marked improvement in the physical properties of rubber goods made 
possible by the use of organic accelerators of vulcanization. An improve- 
ment in the resistance to perishing of rubber goods by the use of anti- 
oxidants; fabrication from latex by methods new to the industry of articles 
with improved physical properties; general mechanization of production 
operations with improvement in quality and reduction in costs. 


Prospects 


It is noteworthy that the rapid growth in the rubber industry during 
the past thirty years has been accelerated by demands made by large con- 
sumers, such as the automobile industry. These demands made it neces- 
sary for the rubber business to rely upon the guidance of technically trained 
men. On such men depends in a large measure the progress to be made in 
the future. Among the problems to be faced are the following: the pro- 
duction of a fine white pigment equivalent to carbon black in its physical 
properties; the discovery of new anti-oxidants which will more effectively 
protect rubber goods against atmospheric oxidation, at the same time mak- 
ing them more resistant to the action of sunlight and to cracking due to 
long-continued flexure; the increased use of the so-called cyclic rubbers 
and thermoplastics obtained from rubber by reacting upon it with con- 
densing and isomerizing agents; the use of rubber as a raw material in 
the chemical industry for the synthesis of new products; the development 
of a process for the true reclaiming of scrap rubber goods, restoring the 
rubber to its original condition; the invention of methods for the synthesis 
of rubber and isomeric forms thereof from hydrocarbons, such as petroleum. 
A study of some of these problems will present serious difficulties, but no 
more serious than those confronted by the technical men of the last genera- 
tion. It is to be hoped that the technical men of today realize that every- 
thing is not yet known about rubber and opportunities for making im- 
provements and discoveries are just as great, if not greater, than ever be- 
fore. 
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TRIFLEX RUBBER FOR TANKS FOR STEEL PICKLING 

Fundamental advances in design of tanks for steel pickling have been announced 
recently by the B. F. Goodrich Company, Akron, Ohio. Using Triflex rubber, adhered 
by the patented Vulcalock process, and protective sheathings of wood or brick, the new 
development affords structural strength and permanence hitherto unattainable in pick- 
ling work. 

Triflex is a new form of rubber lining especially designed to meet the severe condi- 
tions encountered in pickling. In the new Triflex construction a layer of hard rubber is 
cushioned between two layers of soft rubber. The hard rubber serves to resist penetrat- 
ing and deteriorating effects of acids, oils, and oxidation, and also imparts its mechanical 
strength and stiffness to the lining. The soft rubber layers serve to cushion the hard 
layer from the effects of sharp blows. Special expansion joints are provided which 
absorb strains incident to expansion and contraction with temperature changes, effectively 
preventing distortion and crackling of the hard rubber. Triflex thus combines advan- 
tages of both hard and soft rubber and eliminates, through sound engineering practice, 
apparent weaknesses of both. This three-ply construction has proved remarkably 
immune to physical damage to shock, impact, or gouging. Actual resistance of Triflex 
to impact is nearly 100 times that of ordinary rubber linings. In addition, Triflex 
combines resistance of true hard rubber to chemical and solvent action, diffusion, and 
absorption, with the resilience and wear-resisting qualities of the soft rubber face layer. 

Relative thickness of the three plies may be varied within rather wide limits to 
obtain desired properties for each type of service. Sudden variations in temperature, 
which are often hazardous to ordinary hard rubber linings, have no adverse effect on the 
three-ply construction with expansion joints. 

The Vulcalock process is used exclusively by Goodrich for bonding soft, acid-proof 
resilient rubber to metal. It insures practically integral adhesion between rubber and 
steel to withstand a minimum rip-shock of 500 pounds per square inch. 

Brick or wood sheathings are installed to insure freedom from damage to the rubber 
through gouging or impact of heavy steel parts. Brick sheathings also have the merit of 
lowering the temperature at the rubber surface to a point where effects of acid and 
oxidation are negligible. 











DREAMS AND REALITIES* 


Leo H. BAEKELAND, BAKELITE CORPORATION, NEw YorK CITy 


This lecture is a sketch of the circumstances under which the author changed 
from his early professor's career to his work in indusirial chemistry and thus 
was forced to make an adjustment between purely theoretical concepitons and 
practical facts. The difference beiween research in pure science and for indi- 
vidual problems, their advantages and limitations are explained. Warning is 
given against dogmatism in science as well as in politics or theology: against 
scientisis—the “‘wishologists’’—who let their wish be father of their thoughts. 
Answers are given io the undeserved reproaches of ‘‘machine age’ and ‘‘scien- 
tific materialism” from men who are still led by the thoughts and needs of 
periods long gone by, who feel uncomfortable and unsuited to shoulder the 
newer and much greater responsibilities of the present age, as well as politicians 
and economists who try to use obsolete methods for the problems of our present 
civilization essentially based on applied science. 


I did not come here to teach you anything new in the different fields of 
science in which you are interested. Your able professors are well equipped 
for this task. I came merely to chat with you as an older friend—as a 
fellow chemist—not better in brains or knowledge, but as one who during 
the succeeding years of his life has had ample time to change some of his 
earlier views. 

Youth has many advantages, such as daring, speed of action, and quick- 
ness of perception. Intelligence is inborn, and develops by practice and 
opportunity, knowledge comes quickly to the intelligent: but experience 
lingers, and is only acquired slowly through life and mistakes. Some one 
said: ‘“The wise man profits by the mistakes of others, the careful man 
profits by his own mistakes, while the fool profits by no mistakes what- 
ever.”’ Yet, a large part of the tragedy of the human race is caused by the 
fact that it is well-nigh impossible to transmit fully to others our reactions 
about the mistakes we committed in our younger years. So we see each 
succeeding generation ever ready to commit the same blunders over again, 
and suffer by it. 

If any one during my enthusiastic student years had predicted to me 
that I was to leave sometime the field of pure science to enter chemical 
industry, I would have felt rather shocked. I congratulate those of you 
who will be able to continue to live their lives the way they are planning in 
the realm of science, independent of all the-vexatious business problems 
connected with industrial enterprises. But many unforeseen circum- 
stances creep into one’s destiny and change our aspirations. 


* Lecture delivered under the A. R. L. Dohme Foundation at The Johns Hopkins 
University, October 23, 1931. 


1000 














ged 
hus 


di- 


wx) 


le ee) 








Vou. 9, No. 6 DREAMS AND REALITIES 1001 


After my graduation, my most important discovery at the university 
was that my senior professor of chemistry had a very attractive daughter. 
Hence, the usual succession of events. Not many years later I was married 
and was confronted with the necessity of a more adequate income than the 
meager salary of a young professor. 

Thus I went into industrial chemistry and consultation work. I soon 
found out that in practical industrial problems, chemical subjects could not 
be handled nor disposed of as in a lecture room or in a book or when teach- 
ing laboratory work to students. Until then I had been inclined to be 
rather dogmatic as far as my cherished scientific theories were concerned. 
This is a mistake not uncommon among young and even older scientists. 
I have known quite a number of them to become as dogmatic as some 
theologians or politicians. 

In other words, I had to learn to bow humbly before facts, even if they 
did not seem to agree with my favorite theories. I had to learn just as 
much to take into consideration the possibility of unforeseen events. The 
dangerous optimist is always prepared for the best, and the dark pessimist 
for the worst. But the safe and true optimist should be prepared for the 
worst as well as the best. Our present business crisis is the result of a long 
stretch of flimsy optimism, which led into a fool’s paradise. Our younger 
generation, which never had experienced -a real protracted business de- 
pression, very much needed a lesson. But I believe that what is happening 
since the collapse of 1929 will in the end prove a blessing in disguise to 
many who are willing to profit by experience. 

My great luck—which seemed a misfortune at that time—was that I got 
this valuable lesson early in my industrial career. I had just built a little 
factory in Yonkers for the manufacture of Velox photographic paper, one 
of my earlier inventions. I was about ready to produce this paper on a 
commercial scale, when the intense panic of 1893 broke out and upset all 
business plans and financial conditions in the United States. It lasted 
several years, and was followed by another crisis, about as bad, in 1896. 
So I got then and there my early “baptism of fire.’’ The present younger 
generation can hardly imagine how much less serious conditions are at 
present than in 1893, when even the financial credit of the United States 
Government was at stake. 

Moreover, I had been too optimistic in believing that the photographers 
were ready to abandon the old slow processes of making photographic 
prints. I had to find out then how difficult it is to teach anything new to 
people after once they get used to older methods with which they have 
become familiar. Even my best friends tried to dissuade me from the 
continuation of my stubborn efforts. I had also unforeseen manufacturing 
difficulties, but I gradually managed to overcome them. So, after all, my 
most arduous and expensive task was the introduction of the process to 
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skeptical customers, always ready to attribute their failures to the paper 
instead of to their lack of care. 

So passed several years of hard work, with never a single day of rest, and 
ever wondering whether I would pull through or not. Finally success 
came, and I could begin to pay my debts. But by that time I was pretty 
well fed up on business matters, and more than ever desirous to return to 
my former broader fields in chemical research. So after Velox paper had 
become a well-paying enterprise, I sold out my interests to the Eastman 
Kodak Company. 

Thus at thirty-five I found myself in comfortable financial circumstances, 
a free man, ready to devote myself again to my favorite studies. Then 
truly began the very happiest period of my life. I improvised one of the 
buildings at my residence in Yonkers into a modest but conveniently 
equipped laboratory. Henceforth I was to be able to .work at various 
problems of my own free choice. In this way I enjoyed for several years 
that great blessing, the luxury of not being interrupted in one's favorite 
work. 

Everything went well until, amongst numerous other subjects, I became 
interested in a line of research which captivated me, until it led eventually 
to Bakelite. I described my work on this, early in 1909, before the New 
York Section of the American Chemical Society. But from that day on, 
my life of peace was gone again. I was plagued daily by telephone calls, 
letters, visitors, and business men. I firmly intended to escape the recur- 
rence of business occupations, as in my Velox days. So I planned, instead 
of manufacturing myself, to grant licenses to established manufacturing 
concerns, specially experienced in plastics. But I soon was confronted 
with a repetition of my former experience with Velox: that it was very 
difficult to teach new methods to men who had acquired routine in older 
processes. The preparation of the new resinoid and its molding com- 
positions, which to me seemed very simple, appeared either very difficult 
or needlessly complicated to others. Reluctantly I had to start manu- 
facturing the raw materials in a sufficiently advanced stage so that the 
users had only to complete the operation of molding and polymerization. 
But even this required considerable teaching and supervision. Before long 
I realized that I was about to be caught in the same old treadmill in com- 
pany with ever-increasing new technical and business problems. 

Fortunately, I was still financially independent, and, contrary to most 
inventors, could forego the assistance of promoters or bankers or any one 
else to borrow money from. So I organized a manufacturing company on 
a modest scale, selecting most suitable business associates among some of 
my old experienced friends. 

In the meantime, my laboratory work was gradually extended until I 
had four assistants. This number kept growing fast, with the arrival of 
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more and more new problems, until at present our research laboratories in 
Bloomfield occupy a set of buildings which have the appearance of a full- 
sized factory, with special offices and complete equipment, independent in 
operation and management from our manufacturing plants. All this has 
gradually brought about that it is no easy matter for any single person to 
follow the details of all the work going on and the increasing problems which 
vary from day to day. 

It has been stated, and the statement seems correct, that of all the pat- 
ents granted here and abroad, there is hardly one in a thousand which 
finds successful application. One of the evidences of a successful patent is 
infringement. 

So I had to go through the experience of almost every successful inventor 
of defending my rights before the courts. Of all the irritating, time- 
robbing experiences in my life, I consider patent suits as some of the worst. 
Fortunately, I won every case. Furthermore, I was lucky enough to find 
amongst my former rivals many of the excellent men whom I count today 
as my dearest friends and most distinguished collaborators in our corpora- 
tion. 

In the meantime, the scope of our enterprise has kept on growing in its 
manufacturing plants, offices, sales, and service departments, so that today 
I feel myself again enmeshed in the very same net which I got rid of after 
giving up Velox. Many a time do I look back to former blessed days, of 
great happiness, when undisturbed I could work in my modest laboratory. 
Nor could I ever have imagined in my younger years that after some of my 
brightest dreams had become true beyond my expectations, and at the 
head of a successful enterprise, my increased responsibilities would mean 
that my life would belong less to myself than ever. In 1893 I was re- 
sponsible only to the destiny of my little family. Today I am responsible 
to a large number of fellow workers, who all have put their best endeavors 
and faith in our enterprise. 

Nor should any of you be too sure of escaping the same lot, even if you 
adopt a professor’s or research career. After you have acquired a standing 
in your favorite field, you may some day be discovered as possessing better 
executive abilities than your colleagues, and before you know it, you may 
be trapped into accepting a deanship or the presidency of your college or 
other institution. From that moment on, your full concentration on your 
research work will be interfered with, and gradually your mind will be 
compelled to work along business channels. 

There exists a decided difference between industrial research and re- 
search undertaken for purely scientific purposes. First of all, the pure 
scientist has free choice in his work and can abandon it when he so chooses; 
the industrial research worker has usually an imposed task with definite 
aims and under decidedly restricted conditions, 
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The two lines of endeavor may well be compared to the work of the 
botanist, who may pick out his explorations or investigations among such 
plants as suit him best, while the agricultural researcher has before him 
matter-of-fact problems which may mean ruin or success. 

The relations between a biologist and a practicing physician are of the 
same order. I might go farther, and refer to the differences between 
athletic sports and warfare; between yachting and commercial navigation. 

In industrial research, many fortunes have been swallowed up because 
the research men underestimated the factor of the time which elapses be- 
tween initial research and a successful commercial development. In other 
cases, while expensive research went on, the trend of the market had 
changed or entirely new improvements had been introduced which rendered 
the initial problem obsolete. 

Then again, the pure scientist may choose to rush into print as fast as he 
has any sketchy results, and publish some half-baked theories and reap the 
glory thereof. Even if other workers later contradict the accuracy of his 
observations, the worst that can befall him is to be involved in a polemic. 
In industry, superficial or incomplete work spells financial disaster, besides 
recriminations of the victims. 

Nernst invented the ingenious lamp which bears his name and which 
was based on well-observed facts. There remained only the study of some 
apparently minor details for adapting this principle to great industrial uses. 
But the study of the practical problems involved in the details took so much 
time that when the commercial lamp was finally ready, its advantages had 
been superseded by the improvements on the now generally used tungsten 
lamp. 

The tungsten lamp itself was a long agony of successive disappointments 
before it reached its present admirable perfection. In industrial research 
work, the apparently small imperfections most of the time decide between 
success or failure. 

The contact process of sulfuric acid manufacture was well known as a 
laboratory demonstration, but it required many long years of very costly 
and painstaking research work and practical operation before suitable 
catalysts and suitable equipment were found which made it possible to 
operate on a paying commercial scale. 

When, during the war, the United States had to undertake the manu- 
facture of its own optical glass, which heretofore had been imported from 
Germany, our alert chemists succeeded within a short time in making some 
of the best varieties of glass. But their experiments were carried out in 
platinum crucibles on a small laboratory scale, where the process and 
equipment were under easy control. When, however, it came to making 
tons of glass of uniform good quality, the problem immediately became 
incomparably more difficult by reason of the fact that molten glass dissolves 
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impurities from the walls of the larger fireclay pots in which it is heated, 
and that perfect homogeneity is indispensable in optical glass. 

An incident in my younger years made a lasting impression upon my 
later ways of thinking. Jan Stas, the Belgian chemist, who during the 
middle part of the last century acquired fame by his marvelous researches 
on atomic weights and other fundamental subjects in chemistry, did me the 
great honor of befriending me. I had made his acquaintance when he was 
the chairman of a committee representing the four Belgian universities 
which in competition awarded me the postgraduate traveling fellowship, 
which enabled me later on to become acquainted with the United States. 
About that time Berthelot in France had aroused the enthusiasm of the 
younger chemists with his inspiring thermochemical theories. To us they 
seemed the beginning of a new epoch whereby chemistry was to take rank 
as an exact science. 

One day in a discussion with Stas, I developed a thermochemical argu- 
ment. But Stas did not seem to accept my argument. “My young 
friend,” he said, ‘‘do not feel impatient if an old man like myself does not 
get enthusiastic about every new theory that comes along. In my youth 
I was an ardent believer in the unity of matter as expounded by Prout. 
I was so well convinced about his theory that I became eager to furnish 
additional proofs by redetermining more accurately the atomic weights of 
those elements where the atomic weight numbers were not an even multiple 
of hydrogen. I simply imagined that more careful determinations would 
have eliminated these irregularities. But the more I worked, the more I 
perfected my methods, the more I eliminated any errors of experimentation, 
so much the more did my results contradict my dearest hopes. Finally I 
had to admit that I was beaten and had spent the most important part of 
my life in killing my first love asa theory. You will probably have similar 
experiences. Then when a second theory is advanced, you may still fall 
in love with it, but the third time you will probably lose your enthusiasm.”’ 

Whenever I think of this conversation, I regret that this great scientist 
died a few years too soon, and so missed the delight of recognizing his first 
love rehabilitated in a much better dress furnished by Harkins and by the 
work on isotopes of Soddy and Aston. 

Politicians, lawyers, and metaphysicians may jump at conclusions; the 
true scientist must humbly bow before facts even if they disagree with his 
theories. Yet theories are very necessary. But they should be considered 
merely as attempts at simplification of our human knowledge. Theories 
stimulate us into further investigations. But even what we call ‘‘laws of 
nature’ should not be taken as absolute truths. They are endeavors to 
codrdinate scientific facts and to generalize them. As thus, they are simply 
approximations. True scientists should feel modest enough to know that 
our imperfect brain is still hopelessly unfit for the absolute truth. Our 
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successors perhaps may fare somewhat better after a few million years 
more of improvement of the limited brains of our race. In the meantime 
we behave very much like clumsy blind moles burrowing channels under- 
ground without seeing much of the light above. 

In 1889 Lord Kelvin said without hesitation: “The ether is the only 
substance we are confident of in dynamics. One thing we are sure of, and 
that is the reality and substantiality of the luminous ether.” Yet a few 
years later we find the quantum theory of Planck pretty well accepted, 
and the fate of Maxwell’s theory seems much like that of Newton’s. 

Modern chemists quite rightly are placing more and more weight on the 
valuable help of mathematicians. But I feel somewhat bewildered in my 
admiration for them when I see such great men as Millikan, Jeans, and 
Eddington arrive at entirely opposite conclusions after their observations 
of cosmic rays. I am reluctantly reminded of the famous fact-finding 
Wickersham report, which was greeted by ‘‘wets” and “‘drys”’ alike to stave 
their own opposite theories on prohibition. 

After all, mathematics seems to me very much like any other useful 
instrument. I might even compare it to a coffee mill, very useful for 
grinding coffee beans into coffee powder, but however good the mill is, it 
will only furnish in ground condition whatever quality of coffee beans you 
put in and not convert bad coffee beans into good coffee. A very careful 
observation of the greatest possible number of facts is essential before 
relying too absolutely on far-reaching mathematical deductions. 

I am under the impression that a number of excellent mathematicians 
per se have crept into physics, astronomy, and chemistry, etc., not so much 
because they were suited for these departments of science, but because they 
were eager to find there a peg to hang their mathematics on. 

The French engineer, Claude, who distinguished himself so much in 
various subjects of applied chemistry and physics and who is known as a 
very able mathematician, told me, a few years ago, that much as he desired 
whenever possible to use his mathematics, he preferred a direct experiment 
before arriving at conclusions; because in a well-conducted experiment he 
could introduce the many practical details, while a mathematical equation 
rarely could integrate all the factors which entered into play before a 
practical problem. 

John Ruskin made the statement: ‘“‘Hundreds of people can talk for one 
who can think; but thousands can think for one who can see.’’ I must 
agree with him if, by ‘‘see,” he meant: observe without being waylaid by 
one’s emotions, desires, ambitions, anger, love, vanity, bias, or personal 
wishes. None of us can entirely escape these human influences in our 
thoughts, opinions, conclusions, and theories. Unconsciously, we all be- 
come now and then what one should call ‘“‘wishologists.”” Many of us are 
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even chronic wishologists. Then like Mrs. Eddy Baker and her followers, 
we look at facts through our wishes. When one becomes a wishologist 
there is no limit to fanciful conclusions or hazardous theories. 

This explains why in some lines of human thought our race has made 
hardly any progress for thousands of years; why it is so much more difficult 
for metaphysicians, theologians, politicians, and artists to agree among 
themselves. Prominent professors of ancient languages tell us now and 
then that modern poetry and literature are less advanced today than the 
best of the classics of antiquity. As to sculpture and painting, the best 
work of today scarcely seems as good as the masterpieces of former times. 
The same applies to music. 

Whenever a great artist dies, his acquired skill goes to the grave with 
him; his successors have to start all over again and seldom reach above 
what has been done before. 

On the other hand, the progress of the natural or physical sciences is 
steadily cumulative and inductive; each generation can start where the 
preceding one left off and carry the work farther. Every well-observed 
fact remains available for our successors, in building up our ever-expanding 
house of knowledge. We are thus able to improve continually our store of 
knowledge by additional facts, whenever we succeed in devising perfected 
means of observation, better instruments. What we first could see by the 
naked eye was increased many fold by the invention of the magnifying lens; 
then came the microscope, later the ultramicroscope, etc. This simple 
example sketches sufficiently the general history of our ever and ever- 
advancing scientific observations. 

Each well-observed scientific fact constitutes an additional and imperish- 
able deposit in the great savings bank of human knowledge. From this 
“bank”’ we can draw out steadily compound interest: and nevertheless the 
treasure keeps on ever growing, as long as scientific research keeps on. 

Then again, the use of this wonderful treasure is not merely available to 
a few men of genius or to great masters of the craft. Even mere modest 
workers in scientific research have access to it; under proper guidance they 
may find there a stepping stone for their humbler but persevering and 
conscientious efforts, in compiling additional valuable scientific data. All 
to the good. But then again morons and criminals may tap this treasure of 
knowledge for foolish or sinister ends; so it happens that the scientist or 
inventor is blamed by the unthinking public. 

Applications of science can be used either as a blessing for the human 
race, or for the most ignoble and silliest, if not criminal, purposes. 

After all, the history of the intellectual development of the race through- 
out the centuries shows a decided parallelism with that of the individual 
from childhood to maturity: 
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First phase: Wonder, or fear, or laughter. 
Amusement or superstition, sorcery, mysticism, and the 
birth of primitive religions. 

Second phase: Inquiry—Beginning with the ever Why? Why? of the 

normal child—an inborn curiosity often killed by our 
pedagogic methods of education. 
Later on, investigation—closer observation of facts 
instead of relying upon hearsay, legends, or fables. 
Beginning of scientific research. No mere guesses or 
reliance upon brilliant rhetoric interwoven with casu- 
istry, sophistry, or plain lies. 

Third phase: How can we use our knowledge of scientific facts? 

Here the engineer, the inventor, the medical man, the 

advanced agriculturist, and other men of applied science 

enter into action. 


Man, until then weak and a mere slave to Nature, becomes strengthened 
by knowledge. His frail body that houses a few ounces of better-informed 
brain, makes him now more powerful than the strongest animals of creation. 
The hitherto dreaded forces of Nature become his best weapons to fight 
through the problems and vicissitudes of life. 

But here also begins the choice for good or evil, where the most admirable 
conquests of human intellect may be borrowed for debasing designs. 

Nor should we feel too much discouraged when encountering so many 
people who fail to grasp the intense new responsibilities which greater 
knowledge, greater power have thrown upon the shoulders of our present 
generation. 

Let us remember that humanity has not yet been able to adapt itself 
from earlier periods to the amazingly changed present conditions. Some 
plants and animals have had a much better chance to accommodate them- 
selves to their environment, because they had a much longer span of time 
at their disposal. 

Restless humanity has been rushed ahead against the desire, the mental 
inertia, of the masses. A relatively small number of active, daring, in- 
telligent men of knowledge have prodded the others; just as a herd of 
browsing sheep is driven forward by the shepherd and his dogs. 

Most of the people among whom we live have been carried into a civi- 
lization into which they do not fit. Nor can they conceive the awesome 
responsibilities of this generation. They represent a mental atavism of the 
race; they do not belong to this epoch. They try to handle entirely new 
problems with old tools which might have served in former ages, but which 
are now hopelessly out of date. 

While we see industry, commerce, medicine, and surgery eagerly availing 
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themselves of applications of scientific knowledge, such is not the case with 
many of the politicians, philanthropists, religious men, or sociologists. 
However well-meaning, they are trying to settle our present problems by 
farm boards, international loans, restricted immigration, the dole, political 
or religious discourses, more laws, and what not. Every one of them 
believes in his own remedy and, to a limited extent, each one may be par- 
tially right; but most of them “do not see the woods for the trees.”’ 

For years business men and politicians have been prone to boast about 
the increases of population in their respective cities or states, which at 
present are precisely those centers now most faced with the problem of the 
unemployed. Nor is this situation confined to our own country, it has 
pervaded every corner of the civilized world. Too many are ready to 
blame the machine age, modern science, and invention. Churchmen add 
their thundering denunciations of our lack of religious faith. Quite a large 
number of the unemployed should be called “‘unemployables”’ in our present 
state of civilization. But in all these discussions, the names and work of 
Francis Galton and his modern disciples are seldom mentioned. 

Dr. Charles H. Mayo in a recent address stated: ‘“‘Every other hospital 
bed in the United States is now occupied by the mentally afflicted, insane, 
idiotic, feeble-minded, and senile. In addition, there is an enormous 
number of people almost fit for the asylum.” 

What is the outlook for the next generations? Is it not time to put less 
pride in the increasing number of our populations, and to look more into 
the matter of quality? It is quite right that we should try to restrain the 
immigration of undesirables. But shall we continue forever to encourage 
the promiscuous breeding of unfit, degenerates, criminals, and insane, 
while keeping on ignoring the biological facts of heredity? If so, more 
unemployables, more hospitals, lunatic asylums, poorhouses, and prisons. 

In the past, raw Nature left to act by herself seemed more merciful than 
our present civilization. By exercising her rigors, she improved the race 
through the elimination of the unfit and by favoring the intelligent, the 
strong, and the healthy. 

The Bible tells us that the fall of Adam and Eve started after they had 
eaten the fruit of the tree of knowledge. Whatever that may mean, I 
believe that ignorance—ignorance of scientific facts—is the real ‘‘original 
sin,’ the sin that has been and still is today the principal cause of our 
sorrows and of the martyrdom of man. 


Cw, 








THE TEACHING OF THE THEORY OF THE DISSOCIATION OF 
ELECTROLYTES. II. THE DEFINITION OF pH 


ManrtTIN KILPATRICK, JR., AND Mary L. KILPATRICK, UNIVERSITY OF PENNSYLVANIA, 
PHILADELPHIA, PENNSYLVANIA 


The definition of pH is discussed in an attempt to give a clear picture of 
the problem of the determination of hydrogen~ion concentration and ‘“‘activity.” 
Buffer solutions are defined. The relationships existing between the various 
dissociation constants appearing in the literature on acids and bases are 
presented. 


Practically every textbook on general inorganic, analytical, or physical 
chemistry defines pH, and the symbol is so much used by chemists, biolo- 
gists, and others that its definition is fundamentally important. Yet its 
definition varies from worker to worker. And very often the teacher and 
research worker think and talk one definition and measure a quantity which 
has another definition. The definition most often taught to the student is 


pH = log 1/cqg+ = —log cqt (1) 


where cy+ represents the concentration of hydrogen ion in moles per 
liter. Yet the experimenter does not often report his results in terms of the 
actual hydrogen-ion concentration. A review of how this came about may 
make the situation a little clearer. 

Originally the term was introduced by Sérensen (1) because of the form 
of the equation relating the free energy to the hydrogen-ion concentration. 
At that time it was thought that the free energy of a given component of 
an electrolytic solution could be expressed by the equation 


F = RTInc +B (2) 
where F is the partial molar free energy of the component, c its concentra- 
tion, and B a constant dependent on the temperature and pressure and on 
the component in question. For the concentration cell 


H2, Pt | Soln. Bridge || Soln. | Hz, Pt 
Ss sol’n Ss’ 


AF = —NFE = —2FE = 2RT In cg*/c’a+ (3) 


where E represents the electromotive force of the cell, corrected for the 
liquid junction potential, c+ and c’y+ are the hydrogen-ion concentrations 
of solutions S and S’, and R, 7, N, and F have their customary significance. 
The standard hydrogen-ion concentration was chosen equal to unity, and 
the term log 1/cy+ was called the hydrogen exponent or pH. 

Sérensen’s reference solution was a 0.1 N solution of hydrochloric acid, 
and the calomel electrode in 0.1 N potassium chloride solution was referred 
to the reference solution by means of the cell 
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Pt, H, | HCl || KCI || KCI,01N | Hg 
|o1N || 35 HgCl 


E = Eo ba: RT/F in Cyt 


where E again represents the electromotive force of the cell corrected for 
the liquid junction potential. On this basis there has been developed a 
considerable literature in which pH has been spoken of and defined as 
—log cy+. For the sake of clarity, however, let us call these values pH 
(Sérensen) values. They comprise the values determined by means of 
the cell above, using Sérensen’s Eo, or by comparison with Sérensen’s 
standard buffer solutions. 

It was later realized that in the method outlined there are two other dif- 
ficulties besides the difficulty of evaluating the liquid junction potential. 
In the first place, Sérensen based his calculation of the hydrogen-ion con- 
centration of 0.1 WV hydrochloric acid solution upon the conductance data. 
In other words, Sérensen took the \/Xo ratio as the degree of ionization of 
the acid, and since for 0.1 N hydrochloric acid \/Xo is 0.92 at 18°, he ob- 
tained a hydrogen-ion concentration of 0.092 N and a pH of 1.04 for the 
reference solution (2). It is now known that the hydrogen-ion concentra- 
tion of a 0.1 N hydrochloric acid solution is practically 0.1, pH = 1.00. 

The second difficulty arises in the application of the classical equation re- 
lating concentration to free energy for solutions of electrolytes. With the 
realization that the classical expression did not hold, Lewis introduced the 
concept of activity and defined it in terms of free energy as follows: 


F=RTina+B (4) 


Equation (3) then becomes 
AF = —FE = RT In ay+/a’g* (5) 


so that, with a proper choice of a standard, and provided certain non-ther- 
modynamic assumptions are made, one can obtain a value of the hydrogen- 
ion activity. * 

* It is now realized that measurements of cells with or without liquid junction do 
not yield any information about ionic free energies. 

From cells without liquid junction one obtains the product of the activities of the 
ions of the electrolyte, aR?ax’%, where RpX, dissociates to give p cations and g anions, 
or the ratio of the activities of two cations or two anions, ap!/ ¥/ap'V/ “ where the ions 
have valences v and yu, respectively. By making some arbitrary assumption, such as 
ax+ = dq- in a solution in which potassium chloride is one of the components, one 
can obtain numerical values of the activities of the ions present. 

In regard to cells with liquid junction, it is thermodynamically impossible to evaluate 
the liquid junction potential without knowing the activities of the individual ions, and 
conversely it is impossible to evaluate from electromotive force measurements the 
individual ionic activities without knowing the liquid junction potential. Taylor (3) 
has shown that the electromotive force of a cell with transference (liquid junction) is a 
function of molecular free energies only. It follows therefore that in order to obtain 
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By means of equation (5) a new pH, designated as p,H, was introduced 

(5) 
PaH = — log ay+ (6) 
In order to determine p,H from measurement of the electromotive force 
of the cell 
Pt, H, | Sol’n | 3.5 N | 0.1 N KCI | Hg 
gCl 

a method of correcting for the liquid junction potential must be agreed 
upon and E> must be fixed. Ep now represents the electromotive force 
of the cell above when the hydrogen electrode dips into a solution in which 
the hydrogen-ion activity is unity. Bjerrum and Unmack (6) measured 
the electromotive force of cells of the type given, where S represented a 
solution of potassium chloride and hydrochloric acid, or sodium chloride 
and hydrochloric acid, the alkali metal halide being present in great excess 
over the acid. By a method of extrapolation to infinite dilution they ob- 
tained E) for a number of temperatures. 

Other workers have used different values of Ey. If the solution S be 
made 0.1 N hydrochloric acid, for which the product ay+a¢,- is known, 
and if it be assumed that ay+ = dcq-, a value of Ey can be calculated. 
Needless to say, for each Ey) employed one obtains a different ‘‘p,H’’ for 
a given solution. In particular, if Sérensen’s value is employed, the result- 
ing quantity [which we have called pH(Sérensen)] is given as nearly as 
can be determined by the equation 

pH (Sérensen) = —log 1.laqt (7) 


at room temperature. 
Let us summarize what has been said regarding pH, pH(Sérensen), and 


paH. 
1. pH = —logcy:+. This is the definition in terms of concentration. 
It has been seldom used. 
2. pH(Sérensen) = —log 1.lay+. From E, the measured electromo- 
tive force of the cell 


Pt, Hz | Sol’n | 3 3.5 N | 0.1 N KCI | He 


Ss KCI HgCl | 





corrected for the liquid junction, and from Sérensen’s value of ™,, the 
pH(Sérensen) of the solution S may be calculated according to tire equa- 
tion 

pH (Sorensen) = (E — Eo) F/2.303RT 
ionic activities from the electromotive force of a cell with liquid junction, some arbitrary 
convention must again be adopted (4). Practically speaking, this means that in 
determining the ‘‘hydrogen-ion activity’’ by means of the cell commonly used, 


Pt, H, | Soln. || 3.5 .N || 0.1 N KCI | Hg, 
S2) So: eee 


Eo must be fixed and the liquid junction potential must be corrected for consistently 
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As already mentioned, a considerable literature of pH(Sérensen) values has 


been developed. 

3. paH = —log ay:. This is the definition in terms of the hydrogen- 
ion activity.* 

It is not surprising that this state of affairs has led to confusion among 
the workers in the field. The question is—What shall we teach the ele- 
mentary student so that the teacher in the more advanced course may have 
something on which to build? The authors would advocate teaching the 
student the definition based upon the hydrogen-ion concentration, and 
continually emphasizing the definition. Too many workers in the field 
forget that pH represents the logarithm of a quantity, and too often the 
student thinks that the difference between two determinations such as 
pH = 5.00 and pH = 5.05 is one per cent in hydrogen-ion concentration. 
It is possible to carry out in the laboratory experiments in which the hydro- 
gen-ion concentration is determined by electrometric, colorimetric, and 
kinetic methods (7). And in many cases a knowledge of the concentration 
of the hydrogen ion is more important than a knowledge of its ‘‘activity.”’ 

The various definitions of pH have led to various forms of the mass law 
equation; these will be discussed after a discussion has been given of 
acidity and buffer systems in general. Two recent papers in this JOURNAL 
have called attention to the advantages of the modern definition of acids 
and bases as put forward by Brénsted and Lowry (8). According to this 
definition, an acid is defined by the formal equation 


A=B+ Ht 


in which A represents an acid and B the conjugate base with electrical 
charge less by one than that of A. The hydrogen ion, H;O0*, is therefore 
only one of a large number of acids and the hydroxyl ion is only one of a 
large number of bases. Let us confine ourselves for the time being to 
aqueous solutions. Since the solvent water has basic properties, there 
exists in an aqueous solution of an acid a double acid-base equilibrium. 
For example, if hydrogen chloride is dissolved in water 

acid base acid base 


Hc! + HO = H;O0t + a 


where it is indicated by the size of the type that in this case the reaction 
proceeds practically completely to the right. In other words the acid, 
hydrogen chloride, gives up its proton to the base, water. If hydrogen 
bromide were used instead of hydrogen chloride the reaction would pro- 
ceed even more completely to the right. But the reaction in the case of 
hydrogen chloride is already so nearly complete that we are unable to deter- 
mine the amount of molecular hydrogen chloride present. This leveling 


* See the footnote on page 1011. 
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effect of the solvent makes all strong acids appear to be of equal strength 
in aqueous solution. Now let us take an acid which does not give up its 
proton so readily, acetic acid, forexample. Here 


acid base acid base 


HAc + H2O = H,O+t + Ac”, 


At equilibrium there is an appreciable quantity of molecular acetic acid, 
a fact of which we take advantage in making buffer solutions. If we in- 
crease the concentration of the base acetate ion 


HAc + H.O = m:0* + Acy 


we cause a decrease in the hydrogen-ion concentration and at the same time 
make the system less sensitive to changes in hydrogen-ion concentration 
upon the addition of acids or bases. In other words, we have buffered the 
solution in respect to the hydrogen ion. Of course we can also buffer 
the solution in respect to the acetate ion by increasing the hydrogen-ion 
concentration. This can be done by adding a strong acid. 


HAc + H2O = H;O0t + Ac” 


Now let us consider the problem of acid strength. If we had used formic 
acid instead of acetic we should have had a different equilibrium, for formic 
acid gives up its proton to the base water more readily than does acetic acid. 
Consequently we could define acid strength by the equilibrium constant 


of the formal process 
A= B:4- Rr 
Ka’ = cpcyt/ca (8) 


and basic strength by the reciprocal of this constant. Since, however, the 
concentration of the proton in aqueous solution is of the order of 10-™ 
moles per liter and cannot be accurately measured, we relate the constant 
K 4’ to the equilibrium constant Ko which defines the acid property of the 


hydrogen ion, H;0*. 
H,O+ = H,O + Ht 


Ko = CH0¢ut/CH0+ (9) 
Dividing (8) by (9) one obtains 
cacHot/CaCHoo = Ka'/Ko (10) 


Considering the concentration of the water as constant and transferring 


it to the other side, 
CaCHi0t/Ca = CHeoKa’/Ko = Ka (11) 


Kg, the constant of basic strength, is the reciprocal of K,. 

K4 is the same as the classical dissociation constant K,, so that in aqueous 
solution the classical dissociation constant can be taken as a suitable meas- 
ure of the acid strength. As was pointed out in the previous paper K, is 
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dependent on the ionic concentration. If we know K, for a part.cular 
concentration of any electrolyte we can calculate the hydrogen-ion con- 


centration 
CHot = K.ca/cp (12) 


where A represents the acid in question and B its conjugate base. De- 
fining pH in terms of the hydrogen-ion concentration and letting pK, 
represent —log K., (12) becomes 


pH = pK, + log cp/ca (13) 
Equation (13) is based on the definition of pH in terms of concentration. 
If we use the definition p,H = —log ay+ we employ a dissociation constant 
which is best referred to as the incomplete dissociation constant* 
K’ = ay*Cp/CA (14) 
From (14) 
ayt+ = K'cy/cp (15) 
and upon setting p,H = —log ay+ and pK’ = —log K’ 
PaH = pK’ + log cp/ca (16) 
Using the definition pH(Sérensen) = —log 1.laq+ = —log ay+(Séren- 


sen) we have corresponding to equations (14), (15), and (16), respectively, 
the equations 


K, = ay+(Sérensen) cp/ca (17) 
ay*(Sérensen) = Kica/cp (18) 
pH(Soérensen) = pK, + log cp/ca (19) 


The greater part of the literature on buffer systems is based on equations 
(17), (18), and (19). The prevailing confusion is due largely to the failure 
of authors of papers to state which definition of ‘“‘pH’” they are using. In 
eddition a confusing point arises upon extrapolation of data to infinite dilu- 
tion. K,, and K’s, the limiting values aproached by K, and K’, respec- 
tively, are equal to each other and equal to the thermodynamic dissociation 
constant. However Kj,, the limiting value approached by Ki, does not 
coincide with the thermodynamic dissociation constant. For K,, the 
relationship 

pKo = pK’) = pKy, + 0.04 (20) 
is valid. It is essential that one knows which dissociation constant is under 
consideration. 

Confronted with the problem of presenting the ideas outlined to the 
elementary student, the authors would recommend presentation from the 


* This name arose from the fact that 
K'fs/fa = Ka 
where f, and f, are the activity coefficients of B and A, respectively, and K, is the 
thermodynamic dissociation constant, the limiting value approached by Ke as the 
solution becomes more and more dilute. 




















(1) 
(2) 
(3) 
(4) 
(5) 


(6) 
(7) 
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standpoint of concentration. 
colorimetric determination of pH and to point out that if definitions are 
kept clearly in mind and medium effects are taken into consideration the 
pH values determined electrometrically, catalytically, and colorimetrically 
are the same within the experimental error of the measurements. 


JOURNAL OF CHEMICAL EDUCATION JUNE, 1932 








In a third paper it is proposed to discuss the 
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THE DISCOVERY OF THE ELEMENTS. VIII. THE PLATINUM 
METALS* 


Mary ELvrirA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


The earliest scientific descriptions of platinum are those of Dr. Brownrigg 
and Don Antonio de Ulloa in the middle of the eighteenth century. Rhodium, 
palladium, osmium, and iridium were discovered in 1803 and 1804, the first 
two by Dr. Wollaston and the others by his friend, Smithson Tennant. Thom- 
son’s ‘History of Chemistry’ and Berzelius’ correspondence and diary 
present a pleasing picture of these two great English chemists. Ruthenium, 
the Russian member of the platinum family, was discovered much later by 
Karl Karlovich Klaus, whose life story has been beautifully told by Professor 
B. N. Menschutkin of the Polytechnic Institute of Leningrad. 


A successful pursuit of science makes a man the bene- 
factor of all mankind and of every age (1). 


Platinum 

Although platinum occurs as grains and nuggets in the alluvial sands of 
many rivers, there is no evidence of its 
discovery or use by ancient peoples. 
Charles Wood, a metallurgist and as- 
sayer, found platinum in Carthagena 
in New Spain, took it to Jamaica, and 
in 1741 sent some of it to his relative, 
Dr. Brownrigg. After preparing a 
thorough and accurate description of 
the metal and its properties, Dr. 
Brownrigg in 1750 presented these 
specimens to the Royal Society of 
London. The exhibit included the ore 
as found in Nature, the purified metal, 
the fused metal, and a sword witha 
pummel made partly of platinum (2). 

In 1735 the French and Spanish 
governments sent a scientific expedi- 
tion to Peru and to Ecuador to measure s 

bias : Don ANTONIO DE ULLOA 
a degree of meridian at Quito, close to 1716-1795 
the equator. One of the two naval Spanish mathematician, naval officer, 
officers appointed by Philip V to take and traveler. The log of his voyage 
eis to Peru published in 1748 contains a 
charge of the expedition was the  gescription of platinum. 
brilliant young mathematician, Don 
Antonio de Ulloa (1716-1795). The French ship on which he returned in 
1744 was compelled to surrender to the British at the port of Louisburg, 
* Illustrations by F. B. Dains, The University of Kansas, Lawrence, Kansas. 
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XXXIII. 1. I take the freedom to inclofe to you an account of 2 Serera/ Pa 
femi-metal called Platina di Pinto; which, fo far as I know, hath notpersconcera- 
been taken notice of by any writer on minerals. Mr Hill, who is one *™™  # 
of the moft modern, makes no mention of it. Prefuming therefore that :c//e4 Platinas 
the fubject is new, 1 requeft the favour of you to lay this account before communicated 
the R. 5. to be by them read and publifhed, if they think it deferving t she Royal 
thofe honours. I fhould fooner have publifhed this account, but-waite Society by Mr 
ed, in hopes of finding leifure to make further experiments on this body » ‘p aa 
with fulpourcous and other cements; alfo with Mercury, and feveral 406, p. 584. 
corrofive menftrua. But thefe experiments I fhall now defer, until I Nov. a. 
learn how the above is received. The experiments which I have related 1750. Read 
were feveral of them made by a friend, whofe exaétnels in. performing Pes 131750 
them, and veracity in relating them, I can rely on: however, SOF, gta /ecer from 

"ter certainty, I fhall myfelf repeat them. : Will. Brows. 
rigg, M.D. F, x. 3. so Wm, Watfon, F R. $. Dated Whitehaven, Dec. 5, 1750. © 


2. presen appar ena? fl ca and other foffil fubftances, hath Memeirs ofe 
been diligently cultiv efpecially by the Moderns ; yet it onl be Rebate : 
acknowledged, that, among the vaft variety of bodies which ane ee ae En ; 
i, cadet that fcience, there ftill remains room for new inquiri volotae ae tee : 

nt peger poucese el geon naa 2 war Wel met 
of falts, ores, other concretes, new appearances, i p-s8s-. 
fore unknown, fhould daily be difcovered : but that, song, ele we * 
a more fimple nature, and particularly among the mctalline tribe, feve- 
se ee rsal hook toe toe Wham: ed omnia. me 
ralifts, will doubtlefs appear more le ge 
. Gold is ufually aries moft ponderous of bodies; and yet E 
have feen, in the poffeffion of the late nie sag crip, 0 a metal 
line fubftance, brought from the Eaf-Indies, that was saan tg 











FACSIMILE PAGE FROM VOLUME X OF THE Philosophical Transactions SHow1ING 
WILLIAM WATSON’S DESCRIPTION OF PLATINUM AND A LETTER FROM Dr. BROWNRIGG 
ON THE SAME SUBJECT 


Cape Breton, but the English naval officers treated him with the utmost 
courtesy and kindness, preserved his scientific records, and guaranteed him 
safe passage to England. 

When he petitioned the Admiralty for the return of his papers, says Don 
Antonio de Ulloa, they “unanimously, and with pleasure, granted the 
contents of my memorial, nobly adding that they were not at war with 
the arts and sciences, or their professors.’’ Upon his arrival in London, de 
Ulloa was introduced to Martin Folkes, the president of the Royal Society, 
and to many other distinguished men and was elected to membership in 
that society (32). When the log of his famous voyage was published in 
1748, it contained a description of the metal platinum, which he had seen in 
Peru (35). The Spaniards called it platina del pinto, “‘little silver of the 
Rio Pinto,” and, before its value was appreciated, used it to adulterate 
gold; and for this reason the mines were ordered closed (2). In 1766 de 
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Ulloa was sent to Louisiana 
as governor, but the colonists 
were so opposed to Spanish 
rule that he was obliged to 
leave two years later (34). 
The most distinguished 
chemists in Europe soon 
became intensely interested 
in the remarkable new metal. 
Among those who published 
papers on it may be men- 
tioned: Scheffer, Bergman, 
and Berzelius in Sweden; 
Lewis in England; Marggraf 
in Germany; and Macquer, 
Baumé, Buffon, Guyton, De- 


Hertn Peter Fofepy Pacquers 


Doctors der Argnengelahrheie von ber Parifer Facuitde, Nriralieds* 


dex fonigl. fran, Atademie der Wilfenfhaften und der tonial, Gow 
felligafe der Arjnengelahrheit, Profelfors der Chyrmie x. 


Chymifdhes 


Wioreerhbud 


oder 
Algemeine Begriffe 


ber Chymie 
nad) alphabetifder Ordnung, 
Aus dem Franjsfifehen nach der swenten Ausgabe iiberfege 


Anmerfungen und Zufagen oermert 





D. Johann Gorrfried Leonhardi 


bet Patholcate und Chirurgie ordentitcdem Srentlichen Brofeffor ye 
Wittenberg und dee Leips. Mon, Geiellich. Mitglieds, 


lisle, Lavoisier, and Pelletier 
in France. It was not until 
after the experiments of Wol- 
laston, however, that the 
working of platinum became 
easy (3). 

William Hyde Wollaston, 
the son of an Episcopal 
clergyman, was born at East 
Dereham, Norfolkshire, En- 
gland on August 6, 1766. 
His childhood was not a 
lonely one, for he had fourteen 
active brothers and sisters. 
After studying at Cambridge, he received his medical degree at the age of 
twenty-seven years. Although he practiced his profession for a time at 
Bury St. Edmunds,* he retired in 1800 and went to live in London, in 
order that he might devote all his time to physical science (4). 

For nearly a century after its discovery platinum had few uses because of 
the difficulty of working it. Dr. Wollaston found, however, that spongy 
platinum becomes malleable when strongly compressed and that it can be 
annealed and hammered. This process made possible the wide-spread 
use of the metal for laboratory apparatus, and the income from it enabled 
Wollaston to retire from his medical practice at the early age of thirty-four 
years and devote the rest of his life to scientific research. 

April 22, 1813, Berzelius wrote from Stockholm to Dr. Marcet of London: 


* John Winthrop the Younger once attended grammar school at this place. 





Zwepte verbefferte und vermefrre Ansgabe, 
Erfter Theil. 
Bon aA bis CE 





Leipjia, 
in der Weidmannifdhen Buchhandlung, 1788. 











TITLE PAGE OF THE GERMAN EDITION OF 
MACQUER’S CHEMICAL DICTIONARY 


Pierre Joseph Macquer, 1718-1784, was one of 
the first chemists to investigate platinum. 





1020 


JOURNAL OF CHEMICAL EDUCATION 





JUNE, 1932 


When you see Dr. Wollaston give him a thousand compliments 
from me and then ask him if it would not be possible to have a little 





ANTOINE BAUME 
1728-1804 


French pharmacist and chemist. Au- 
thor of a ‘‘Chymie expérimentale et rai- 
sonnée”’ in which he discussed chemical 
apparatus, chemical affinity, fire, air, 
earth, water, sulfur, gypsum, alum, 
clay, niter, gunpowder, borax, arsenic, 
glass, porcelain, and the common acids, 
alkalies, metals, and ores used in 1773. 
His hydrometer scale is still used. He 
was one of the first chemists to investi- 
gate platinum. 


some impure platinum. He asks 
me to suggest that you alloy pure 
platinum with a little silver, as 
the surest means of increasing its 
durability (6). 


That Berzelius made good use of 
Wollaston’s process is evident from 
his letter to Wéhler written on May 


1, 1829: 


We are now re-casting all our 
old soldered platinum crucibles 
by Wollaston’s method of mak- 
ing platinum pliable; it goes like 
a dance. I think Wollaston 
must have laughed inside over 


malleable platinum, not sepa- 
rated from its natural alloy with 
palladium, rhodium, etc., to make 
acrucible. The crucibles I have 
bought recently from Cary are 
of a metal noticeably purer than 
those which I formerly had, and 
for that very reason infinitely 
more susceptible to attack by 
other substances (5). 


About two weeks later Dr. Marcet 
replied: 


Wollaston laughs at the idea 
that you want him to get you 





BERTRAND PELLETIER 
1761-1797 


French chemist and pharmacist 
who investigated the arsenates, phos- 





phates, and phosphides of many met- 
als, studied the action of phosphorus 
on platinum, and devised new meth- 
ods for making soap and refining 
metal for clocks. He served as in- 
spector of the hospitals in Belgium. 
His son, Joseph Pelletier (1788-1842), 
and Joseph Caventou discovered quin- 
ine, cinchonine, strychnine, and bru- 
cine. 
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Edgar Fahs Smith Memorial Collection, 
University of Pennsylvania 


A PAGE FROM SEFSTROM’S LABORATORY NoTES* 


Sefstrém’s script is very difficult to read but the following is an approximate trans- 
lation: Cinchona reactions. 5 lbs. cortex Peruvian, first quality..... from Amsterdam, 
belongs to Mazer and Co...... Sept. 16, 1816. Bark decidedly dark gray. Infusion 
clear, quite weak quinine taste, gave with iron solution a dark green precipitate. Anti- 
mony tartrate, very weak opalescence. Infusion of nutgalls, very heavy white precipi- 
tate like that of gelatin. .... Gelatin solution, faint opalescence. It is no good. Stock- 
holm, Sept. 22, 1816. N.G. Sefstrém, M.D., Adjunct in Chemistry. 


the many elaborate methods which have been used in vain for this 
purpose, when his is so simple. It seems that by heating the bottom 
of the crucible glowing hot in Sefstrém’s forge, the formation of 
bubbles can be entirely prevented (7). 


* The writer is deeply grateful to Miss Mary Larson of the Zodlogy Department at 
The University of Kansas and to Mr. Einar Bourman for the translations from the 
Swedish and for assistance in securing Swedish illustrations. 
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From Figuier’s ‘‘Vies des Savants Illustres”’ 
GerorGEs Louis LECLERC, COMTE DE BUFFON, 1707-1788 


French naturalist famous for his beautiful literary 
style. Founder of the Jardin des Plantes. Author of a 
“Natural History” in forty-four volumes, in which he dis- 
cussed insects, birds, quadrupeds, minerals, the theory 
of the earth, and the epochs of Nature. One of the 
first to investigate platinum. 
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Rhodium and Palla- 
dium 

In 1803 Dr. Wollas- 
ton succeeded in sepa- 
rating two new metals 
from platinum. He dis- 
solved the crude metal 
in aqua regia, evapo- 
rated off the excess acid, 
and added a solution of 
mercurous cyanide, drop 
by drop, until a yellow 
precipitate appeared. 
When this substance 
was washed and ignited, 
a white metal remained. 
By heating the yellow 
precipitate with sulfur 
and borax he also suc- 
ceeded in obtaining a 
button of the new 
metal, which he named 
palladium in honor of 
the recently discovered 
asteroid, Pallas (6). 

The first knowledge 
that the London public 
received of this dis- 
covery was an anony- 
mous handbill offering 
the metal forsale. The 
humorous and pathetic 
story of the young Irish 


chemist, Richard Chenevix (8), who believed the new metal to be fraudulent 
and who tried to prove that it was a platinum amalgam, has been told by 
Professor A. McLaren White in a recent issue of the JoURNAL-OF CHEMICAL 


EpucaTIOn (21). 


Dr. Wollaston dissolved another portion of crude platinum in aqua regia, 


and neutralized the excess acid with caustic soda. 


He then added sal 


ammoniac to precipitate the platinum as ammonium chloroplatinate, and 
mercurous cyanide to precipitate the palladium as palladious cyanide. 
After filtering off the precipitate, he decomposed the excess mercurous 


cyanide in the filtrate by adding hydrochloric acid and evaporating to dry- 
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ness. When he washed the residue 
with alcohol, everything dissolved 
except a beautiful dark red powder, 
which proved to be a double chloride 
of sodium and a new metal (3), which, 
because of the rose color of its salts, 
Dr. Wollaston named rhodium (9). 
He found that the sodium rhodium 
chloride could be easily reduced by 
heating it in a current of hydrogen, 
and that after the sodium chloride 
had been washed out, the rhodium 
remained as a metallic powder. He 
also succeeded in obtaining a rhodium 
button. 

Thomas Thomson relates that Dr. 
Wollaston had amazingly keen vision 
and remarkably steady hands. He 
could write on glass with a diamond in 
clear, well-formed letters which were 
so small that other persons could read 
them only with a microscope (4). 

That Berzelius was well acquainted 
with Dr. Wollaston and held him in 
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WiLt1AM Hype WOLLASTON 
1766-1828 


English chemist and physicist. Dis- 
coverer of palladium and rhodium. In- 
ventor of a process for making platinum 
malleable. Famous for his researches 
on force of percussion, gout, diabetes, 
columbium, tantalum, and titanium, 
and his scale of chemical equivalents. 


high esteem may be seen from his letter to Berthollet written in London in 


October, 1812. 





My stay here [said Berzelius] has been most interesting and instruc- 
tive in furnishing me a quantity of chemical resources of which I for- 
merly had no idea. But what I value most of all is the personal ac- 
quaintance of the admirable Wollaston and the brilliant Davy. I am 
sure that among the chemists who are at present in the prime of life 
there is none that can be compared with Wollaston in mental depth and 
accuracy as well as in resourcefulness, and all this is combined in him 
with gentle manners and true modesty. I have profited more by an 
hour’s conversation with him than frequently by the reading of large 
printed volumes. ... Simplicity, clarity, and the greatest appear- 
ance of truth are always the accompaniments of his reasoning (5). 


In the diary which he kept on this visit to England, Berzelius wrote, 


Dr. Wollaston, Secretary of the Royal Society, known through his 
numerous discoveries in chemistry and physics, is a man between 
forty and fifty years old, of very pleasant appearance, very polished 
manners, plainness and clearness in his conversation, interest in his 
slightest gesture, and with such a spirit of justice and gifted with such 
moderation in his views that it has become a common proverb that 
whoever argues with Wollaston is wrong (30). 
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The letters of Dr. Marcet to Berzelius give us a pleasing picture of Dr. 
Wollaston’s friendly nature. On May 24, 1814, Dr. Marcet wrote: 


Would you believe it, my dear friend, that while your kind and 
interesting letter of April 12th was on its way to London, I was oc- 
cupied with friend Wollaston in enjoying all the dissipations of Paris. 
One fine morning, near the end of April, Wollaston came into my house 


and said to me: “I have curious news for you.’’ ‘‘What!’’ I replied, 
“Has Bonaparte returned to Paris?’ ‘‘No,’’ he said, ‘‘it is even more 
curious than that.... Iam going to Paris tomorrow, and you are one 


of the party.” I rubbed my eyes, thinking I was dreaming; but he 
finally proved to me that it was not a dream; and as everything 
Wollaston says is gospel (Sir John Sebright has nicknamed him ‘‘The 
Pope’), I immediately told my wife that fate was calling me to Paris 
for a fortnight, gave a good dose to each of my patients, and left... . 
(10). 


Sir Edward Thorpe gives quite a different picture of Wollaston, however, 
when he says, 


He resembled Cavendish in temperament and mental habitudes, ’ 
and, like him, was distinguished for the range and exactitude of his 
scientific knowledge, his habitual caution, and his cold and reserved 
disposition (11). 


On another occasion Dr..Marcet wrote, ‘“The excellent Wollaston has 
just lost his father, who leaves a large fortune, which I dare to reply, will 
not spoil our friend” (12). On January 23, 1816, he suggested in reply to a 
question asked by Berzelius, 


If you wish to send Wollaston a present in the name of the prince, 
the only idea that comes to me is a fine hunting gun of your splendid 
Swedish steel. The dear Doctor, pope that he is, has taken seriously to 
hunting, and already acquits himself with much success. The fact 
is he does not know how to do anything poorly (10). 


Dr. Wollaston was a man of very broad interests, as a list of his publica- 
tions will show. His papers were on such diverse subjects as: force of 
percussion, fairy rings, gout, diabetes, seasickness, metallic titanium, the 
identity of columbium and tantalum, a reflection goniometer, micrometers, 
barometers, a scale of chemical equivalents, and the finite extent of the 
atmosphere. He died in London on December 22, 1828 (12). 


Osmium and Iridium 


Smithson Tennant, the discoverer of osmium and iridium, like Dr. 
Wollaston, was the son of a clergyman. He was born in Wensleydale, 
near Richmond, Yorkshire, on November 30, 1761. At the age of nine 
years he had the misfortune to lose his father, and not many years later he 
witnessed the tragic death of his mother, who, while riding with him, was 
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thrown from her horse and instantly killed. Tennant’s elementary educa- 
tion was fragmentary, but even when very young he was fond of reading 
chemical books and performing experiments. When he was only nine 
years old he made some gunpowder for fireworks (14). 

In 1781 he went to Edinburgh to study under the famous chemist and 
physician, Dr. Black, and in the following year he entered Christ’s College, 
Cambridge, where he studied chemistry, botany, mathematics, and New- 
ton’s ‘‘Principia.’’ His room at college was a scene of confusion: books, 
papers, and chemical apparatus littered the floor, and his indolent and un- 
systematic habits were indeed a serious handicap throughout his scientific 
career (15). 

When he was twenty-three years old, he traveled through Denmark and 
Sweden, where he met the famous Scheele, and for the rest of his life he 
delighted in showing his English friends the minerals that the great Swedish 
chemist had given him on this occasion. Tennant also traveled through 
France and the Netherlands and met the most eminent chemists of those 
countries. Berzelius said that Tennant always carried in his pocket a map 
of Sweden which had become worn and soiled through years of use and that 
he spoke French ‘‘gladly and well’’ (30). He received his degree of Doctor 
of Medicine from Cambridge in 1796, but never practiced. 

In the same year he proved by an ingenious experiment that the diamond 
consists solely of carbon. This he did by burning a weighed diamond by 
heating it with saltpeter in a gold tube. The carbon dioxide united with 
the potassium in the saltpeter, and was later evolved. Most chemists would 
have felt deep concern over the outcome of such a costly and important 
experiment, but Tennant went horseback riding at his usual hour, leaving 
the results to the mercy of his assistant. However, since the assistant was 
no other than the gifted William Hyde Wollaston, the outcome was success- 
ful (14), (16). 

In 1803 Tennant found that when crude platinum is dissolved in dilute 
aqua regia, there remains a black powder with a metallic luster. This 
had been observed before and was thought to be graphite, but Tennant 
investigated it carefully in an attempt to alloy lead with it, and concluded 
that it contained a new metal (17). In the autumn of the same year Collet- 
Descotils, a friend and pupil of Vauquelin, found that this powder contains 
a metal which gives a red color to the precipitate from an ammoniacal 
platinum solution (18). When Vauquelin treated the powder with alkali 
he obtained a volatile oxide which he believed to be that of the same metal 
with which Descotils was dealing (19). 

In the meantime Tennant continued his researches, and the results 
which he communicated to the Royal Academy in the spring of 1804 
showed that the powder contains two new metals, which may be separated 
by the alternate action of acid. and alkali. One of these he named iridium 
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because its salts are of varied colors, and the other one he called osmium 
because of its odor (20). 
These discoveries may best be described in his own words: 


Upon making some experiments, last summer, on the black powder 
which remains after the solution of platina, I observed that it did not, 
as was generally believed, consist chiefly of plumbago, but contained 
some unknown metallic ingredients. Intending to repeat my experi- 
ments with more attention during the winter, I mentioned the result 
of them to Sir Joseph Banks, together with my intention of com- 
municating to the Royal Society my examination of this sub- 
stance, as soon as it should appear in any degree satisfactory. 

Two memoirs were afterward published in France [continued 
Tennant] one of them by M. Descotils and the other by Messrs. Vau- 
quelin and Fourcroy. M. Descotils chiefly directs his attention to 
the effects produced by this substance on the solutions of platina. 
He remarks that a small portion of it is always taken up by nitro- 
muriatic acid during its action on platina; and, principally from the 
observations he is thence enabled to make, he infers that it contains a 
new metal, which, among other properties, has that of giving a deep 
red colour to the precipitates of platina. M. Vauquelin attempted a 
more direct analysis of the substance, and obtained from it the same 
metal as that discovered by M. Descotils. But neither of these chem- 
ists have observed that it contains also another metal, different from 
any hitherto known.... 


Tennant gave the name iridium to the metal which Descotils and 
Vauquelin had observed, and the name osmium to the new one (20). 
During the entire course of the researches which led to the discovery of the 
four metals, palladium, rhodium, iridium, and osmium, Dr. Wollaston and 
Tennant had friendly intercourse with each other, and each kept in close 
touch with the other’s work. As a brief relaxation from their scientific 
labors, they visited the Giants’ Causeway together. 

Smithson Tennant had a most kind and forgiving nature. When a 
dishonest steward on his estate, who had become so heavily in debt that 
Tennant was obliged to examine the accounts, committed suicide, Tennant 
not only excused the unfortunate family from the payment of the debt, but 
assisted them financially in the kindest possible manner (14). 

Tennant, like Wollaston, enjoyed the esteem and friendship of the great 
Swedish master, Berzelius, who paid him a visit in the summer of 1812. 
Together they rode on horseback to inspect the 100-acre experimental oat 
field in which Tennant had mixed lime with the soil in decreasing ratio from 
one end to the other (31). After he had shown Berzelius the tall, well- 
developed oats at the highly limed end and the sickly plants at the other 
end of the field, they visited the lime-kiln which Tennant himself had de- 
signed (30) 
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Berzelius may perhaps have envied the English chemist’s horsemanship, 
for, after receiving the Cross of the Order of the Northern Star, he said in a 
letter to Dr. Marcet, ‘‘Here I am then a kind of cavalier, I whose manner of 
mounting a horse Tennant can describe to you’’* (24). 

In May, 1813, Dr. Marcet wrote to Berzelius, ‘‘Our friend Tennant has 
just been elected professor of chemistry at Cambridge after a very long 
struggle with a candidate who had many friends. His position demands 
that he give twenty lectures a year, which will not be very difficult for him”’ 
(22). Berzelius replied, ‘“‘Congratulate Tennant for me on his new profes- 
sion and tell him that we expect from his hands the life of Newton more cor- 
rect than we have yet seen it’’ (23). 

Tennant was destined to give his lecture course at Cambridge only once, 
for his life was cut short by a tragic accident, the following account of 
which was written by Dr. Marcet to Berzelius on March 29, 1815: 


You have doubtless learned of the tragic death of poor Tennant. 
I was often on the point of writing you, but the grief of being the 
first to tell you this story restrained me. He had spent six months 
in France and was returning loaded with curious observations in ge- 
ology, chemistry, political economy, etc. He had, it is said, dis- 
covered in sea water the source and origin of iodine. He announced 
himself every week for a month or so, and nevertheless did not come. 
Quite like himself, he clung to all the objects along the way, and ad- 
vanced only very slowly. He finally arrives at Calais, then at Bou- 
logne, and after having spent about fifteen days between these two 
places while waiting for a perfectly favorable wind, he finally sets 
sail. But a calm arises and they are obliged to return to port. Our 
friend seeks to console himself for this disappointment by taking a 
horseback ride; he proposes to a Prussian officer who was on board 
with him that they go together to see a column erected to Bonaparte 
a few miles from Boulogne. 

They had to pass over a little draw-bridge [continued Dr. Marcet]. 
The officer goes over first, but as soon as he is on the bridge he notices 
it pivoting on its center and that it is going to open into the ditch. 
He cries to Tennant, ‘‘Don’t come any farther,’’ and at the same time 
rushes on to re-establish equilibrium, but it was too late; he feels 
that another force is pressing on the bridge and forcing it to an inclined 
plane. . . he slides back with his horse and falls from twelve to fifteen 
feet into the ditch. Recovered from his shock, he looks around him 
and sees poor Tennant lying against the wall at the end of the ditch 
with his horse writhing on top of him. He pushes the horse away, 
lifts our friend, and finds him dying. ... Who would have thought 
that our friend would die while visiting a work of war, of which you 
know he had the greatest horror. You well know, and I have no need 
to tell you, all that his friends, all that science, have lost. He was a 
unique man and one who will probably never be replaced. He loved 
you dearly, and I know you will mourn him sincerely (24). 


* “Me voila donc une espéce de chevalier, moi, dont Tennant peut vous apprendre 
comment je monte a cheval.” 
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Tennant had ‘‘an expressive, intelligent face. ..an intuitive and prompt 
perception of truth...a broad mind, deep moral feelings, and a zeal for 
the improvement of mankind” (15). He delighted in the artistic achieve- 
ments of Virgil, Milton, Pascal, Gray, Handel, and Raphael. His never- 
failing sense of humor consisted in “fanciful trains of imagery, in natural, 
but ingenious and unexpected, turns of thought and expression, and in 
amusing anecdotes, slightly tinged with the ludicrous. The effect of these 
was heightened by a perfect gravity of countenance, a quiet, familiar 
manner, and a characteristic beauty and simplicity of language’’ (15). 


Ruthenium 
The element ruthenium is the little Benjamin of the platinum family. 
It did not see the light until more than 
a century after the discovery of plati- 
num, but, to avoid separating it too 
far from its older brothers, its story will 
be told here. 

In 1828 Berzelius and G. W. Osann 
(25), professor of chemistry at the Uni- 
versity of Dorpat, Russia, examined 
the residues left after dissolving crude 
platinum from the Ural mountains in 
aqua regia. Berzelius did not find in 
them any unusual metals except palla- 
dium, rhodium, osmium, and iridium, 
which had already been found by Wol- 
laston and Tennant in similar residues 
from American platinum. Professor 

Kar_ Kar.ovicu KLaus Osann, on the other hand, thought that 
eden he had found three new metals, which 
‘ane vane haar pa _ he named pluranium, ruthenium, and 
flora and fauna and of the platinum _polinium (25), (36). In 1844, however, 
eS ee mene of the Professor Klaus, another Russian chem- 
ist, showed that Osann’s ruthenium oxide 
was very impure, but that it did contain a small amount of a new metal 
(26), (33). 
Karl Karlovich Klaus* spent his infancy and boyhood in a harsh, un- 
kind environment.** He was born in the German-Russian city of Dorpatt 
* The name is frequently written Carl Ernst Claus. It is a German name, not a 
Russian one. 
** Most of the details regarding the life of Klaus would have been inaccessible 
without the kind assistance of Mr. M. K. Elias of the Kansas State Geological Survey, 
who translated Menschutkin’s biographical sketch from the Russian. The author is 


sincerely grateful to him. 
{ This city is located in Esthonia, and is now known as Tartu. 
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on January 11, 1796. His father, a talented painter whose pictures later 
adorned Klaus’ library, died in 1800. Soon after her husband’s death the 
mother married another artist, and she, in turn, died when the boy was only 
five years old. Her second husband soon married again, and thus the little 
boy found himself a strange child in a strange home, left without affection 
and almost without care (36). 

Klaus soon showed ability in design and sculpture, and his love for art, 
poetry, and drama helped him at times to forget the none-too-gentle home 
surroundings. He attended the grade school and gymnasium in Dorpat, 
but was unable, in spite of his excellent record, to complete the course at the 
latter institution. However, the praise given by his teachers stimulated 
him to further efforts which, even at this early age, revealed the funda- 
mental features of his character: resoluteness, optimism, and a desire to 
reach at any cost a once-attempted goal. As a boy he enjoyed the few 
bright aspects of his cheerless life, and as an adult he never complained of 
the sufferings of his childhood. 

When forced to earn his own living at the age of fourteen years, he be- 
came an apprentice in a pharmacy in St. Petersburg. Here he spent his 
spare moments reading books on chemistry, pharmacy, and allied sciences. 
These attempts at self-education were so successful that Klaus was soon 
able to pass the examinations, first for assistant pharmacist and then for 
the position of provisor (36). 

In 1815 he went back to Dorpat, passed the pharmacy examinations at 
the University, and returned to the St. Petersburg apothecary. His study 
of the natural sciences having awakened in him a desire to study Nature at 
first hand, he went to Saratov in 1817 as provisor of a pharmacy so that 
he might spend his leisure hours investigating the flora and fauna of the 
Volga steppes, or prairies, in eastern Russia. The results of this ten-year 
research were published in the Russian journals. 

After his marriage in 1821 Klaus longed to have an apothecary shop of 
his own, and five years later he began business in Kazan, where he soon had 
the best pharmacy in the town. Here, with more adequate financial re- 
sources, he continued his study of the flora and fauna. He soon became 
recognized as an authority on that subject, and his advice was sought when- 
ever a scientific expedition was to be sent into the steppes. This brought 
him into contact with many famous scientists, who always carried away a 
pleasant recollection of his modesty and willingness to coéperate. The 
expedition which he himself made in 1827 through the region between the 
Urals and the Volga afforded material for his large book entitled ‘‘Volga 
Flora’ (36). 

When an assistantship in the chemistry department of the University of 
Dorpat was offered to him in 1831, Klaus sold his store at a loss, made the 
long trip back to Esthonia, and accepted the modest position, in order to 
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devote all his time to scientific research. While completing the work for 
his master’s degree in chemistry, he found time to explore with Gébel and 
A. Bergmann the Trans-Volga salt marshes and to prepare all the sketches 
for a large, two-volume record of the expedition, which was published at 
Dorpat in 1837 and 1838. In recognition of this work he was awarded 
the Demidoff prize. 

Wishing to return to Kazan, he applied to the Secretary of Public Instruc- 
tion for a position at the University. The Secretary approved the applica- 
tion, but only after listening to a trial lecture which Klaus was required to 
deliver at the Medico-Surgical Academy of St. Petersburg (36). 

Upon returning to Kazan as adjunct in chemistry, he entered enthusiasti- 
cally into the work of remodeling the old chemical museum into a chemical 
laboratory. Klaus also succeeded in getting six additional rooms in a 
newly completed university building. These were arranged like Liebig’s 
laboratory at Giessen, and included a large lecture room, well equipped 
for demonstration experiments. He was granted an appropriation of about 
10,000 rubles ($5000) for the purchase of glassware, reagents, and ap- 
paratus. 

In 1838 Klaus, with his student assistant Kabalerov, made an analysis 
of the water from the Sergievsky Mineral Springs, which provided the 
data for his dissertation for the doctorate in pharmacy. Immediately after 
receiving this degree, he was made extraordinary professor at the uni- 
versity, and six years later he was promoted to the position of ordinary 
professor. 

In 1840 Klaus became interested in platinum residues. The reader will 
recall that in 1828 Professor G. W. Osann of Dorpat University had an- 
nounced the presence in these residues of three new metals, the existence of 
which Berzelius had denied. Professor Klaus wished to settle this question, 
and the first step in his investigation was a careful repetition of Osann’s 
work. He obtained two pounds of platinum residues from P. G. 
Sobolevsky, a platinum refiner in St. Petersburg, and was surprised to 
find that they contained 10% of platinum, besides smaller amounts of 
osmium, iridium, palladium, and rhodium. In his report one may read, 

The unexpected richness of the residues, great quantities of which 
lie unused at the laboratory of the Government Mint at St. Peters- 
burg, appeared to me so important that I immediately reported the 
results of my investigation to the government mining authorities, 
and in 1842 I went to the capitol (36). 


In St. Petersburg he interviewed Count Egar F. Kankrin, the Secretary 
of the Treasury who introduced platinum coinage in Russia. Kankrin 
expressed complete approval of Professor Klaus’ investigation, and Chev- 
kin, the chief of the staff of mining engineers, presented him with twenty 
pounds of the platinum residues. 
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The working of these residues did not prove as profitable as Professor 
Klaus had hoped, for, as he said, 


These residues were poorer than the first, and thus my hope of adapt- 
ing my method for profitable extraction of platinum from them was 
not fulfilled. There remained only an investigation interesting for 
science. Since I came to realize this two years ago, I have worked 
constantly on this hard, prolonged, and even unhealthful investiga- 
tion; now I report to the scientific world the results obtained: (1) 
results of analysis of rich residues; (2) new methods for the separation 
of the metals of the platinum group; (3) methods for working up poor 
residues; (4) discovery of a new metal, ruthenium; (5) results of the 
analysis of poor residues and the simplest methods of decomposition of 
platinum ores and residues; (6) new properties and compounds of 
the previously known metals of the platinum group. All this may 
serve as a contribution to the chemical history of the precious metals of 
our fatherland (36). 


Klaus obtained the new metal from osmiridium, the portion of the crude 
platinum which is insoluble in aqua regia. He calcined a mixture of 
osmiridium, potash, and potassium nitrate in a silver crucible placed inside 
a Hessian crucible on a layer of magnesia (27). After heating it for an 
hour and a half at bright redness, he poured the molten contents into an 
iron capsule. He then took up the melt in a very large volume of 
water, and allowed it to stand four days in the dark in a completely filled 
bottle. 

The orange-colored solution, containing, among other things, potassium 
ruthenate, was treated with nitric acid, whereupon a black precipitate of 
osmium dioxide containing from fifteen to twenty per cent. of ruthenium 
oxide was thrown down as a velvety deposit. Klaus distilled this with 
aqua regia, taking care to condense the osmium tetroxide. The residue 
remaining after the distillation consisted mainly of the sesquichloride and 
tetrachloride of ruthenium. By adding ammonium chloride, Klaus pre- 
pared ammonium chlororuthenate, (NH,)2RuCl, a salt which upon 
calcination yields spongy ruthenium (27), (38). 

This report, which was entitled ‘‘Chemical Investigation of the Residues 
of Ural Platinum Ore and of the Metal Ruthenium,” occupied one hundred 
and eighty-eight pages in the “‘Scientific Annals of Kazan University’”’ for 
1844. In the following year it was published in book form. For patriotic 
reasons and also in recognition of the earlier work of Professor Osann, 
Klaus retained the name ruthenium, which means Russia. The white 
substance which Osann had taken for the oxide of this new metal consisted 
chiefly of silicic and titanic acids, iron peroxide, and zirconia. The new 
metal had escaped him because he had repeatedly treated this insoluble 
material with hydrochloric acid without examining the solution (37). 
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When Professor Klaus sent a sample of the new metal to Berzelius, the 


great Swedish master was skeptical. 


in a letter to Wohler, 


On January 21, 1845, he remarked 


Probably Klaus’s experiments on the residues from platinum ores 
and on the new metal ruthenium have already been described in the 


German journals. 


He sent me his paper in manuscript. 


You see 


thereby that he has also prepared colorless salts of iridium with sul- 
furous acid. The early severe winter in November interrupted the 
postal communication between Ystad and Stralsund, so that I have not 
received the German journals for three months (28). 


iP yee 


J. HENRI DEBRAY 
1827-1888 


French chemist who collaborated 
with Henri Sainte-Claire Deville at 
the Ecole Normale Supérieure in re- 
searches on gaseous dissociation. He 
also investigated beryllium, molyb- 
denum, tungsten, and the metals of the 
platinum group, and made contribu- 
tions to synthetic mineralogy. It was 
in Debray’s laboratory that Moissan 
liberated fluorine. 


In the meantime Klaus continued 
his investigation of the compounds of 
ruthenium, specimens of which he sent 
to Stockholm, one after another, with 
detailed descriptions of their properties 
and the methods of preparation. This 
evidence was so convincing that in 
1845 Berzelius announced in the 
Jahresbericht his acceptance of ru- 
thenium as a new element (36), (37). 

On March 9, 1846, he again men- 
tioned Klaus’s paper to Wohler, saying: 


Klaus in Kasan has sent me a 
résumé (Nachernte) concerning ru- 
thenium, which I expect to read 
tomorrow at the Academy and 
which you shall then receive in 
the Ofversigten. It is strange 
that he does not publish his longer 
paper. A copy of it has been 
in my hands since November, 
1844. Yet he surely cannot have 
intended that I should publish it. 
At least he has never said a word 
about it.... 


Berzelius finally suggested to Klaus that he send the ruthenium paper 
to Wohler for publication in the A nnalen, and it may now be seen in Volume 
63 of that journal (29), (39). 

All of Klaus’s papers on the platinum metals were collected and published 
in 1854 in a Jubilee Volume issued in honor of-the fiftieth anniversary of the 


founding of the University of Kazan. 


He continued to teach inorganic, 


analytical, and organic chemistry, and was assisted for a time in the organic 
course by Nikolai Nikolayevich Zinin and in the inorganic course by Alex- 


ander Michaylovich Butlerov. 
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In 1852 Klaus was invited to occupy the chair of pharmacy at the Uni- 
versity of Dorpat and to take charge of the Pharmaceutic Institute, at that 
time the only institution of its kind in all Russia. He accepted the appoint- 
ment, left his position at Kazan in charge of Butlerov, abandoned the 
long-cherished steppes of the Volga, and made the long trip back to 
Esthonia. 

At Dorpat he continued his investigation of the platinum metals and 
their alloys. After devoting twenty years to research in this field, he 
wished to publish a monograph which should include, not only his own 
researches, but those of other scientists. In 1863 the Russian government 
sent him to western Europe to visit the laboratories and platinum refineries 
and to study the history of the platinum metals in the libraries of the great 
scientific centers. Klaus’s achievements were so well known that he was 
honored wherever he went. In Berlin he met Heinrich and Gustav Rose, 
Poggendorff, and Magnus, and in Paris he studied the electric furnaces of 
Henri Sainte Claire Deville and H. Debray (36). 

Professor Klaus returned to Dorpat in January, 1864, with a wealth of 
material for the monograph on the platinum group, but illness unfortu- 
nately overtook him, and the work was never completed. He passed away 
on March 12, 1864, loved and respected by his students and colleagues. In 
his last public address before the Pharmaceutical Society of St. Petersburg, 
he emphasized the desirability of providing scholarships for needy students 
(36). 
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‘THE DISCOVERY OF THE ELEMENTS. IX. THREE ALKALI 
METALS: POTASSIUM, SODIUM, AND LITHIUM* 


Mary ELvirA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


A number of the chemical elements, including some that play an important 
role in modern life, remained practically unknown outside the scientific world 
for many years after their discovery. Some, like tellurium, vanadium, and 
titanium, were forgotten for several decades even by chemists, and were later 
rediscovered. The reader will recall, however, that when phosphorus was 
discovered 1n 1669 the news spread rapidly throughout Europe. Ina similar 
manner Davy’s isolation of sodium and potassium immediately fired the 
imagination of the nineteenth-century public and aroused intense interest. 
These elements, like phosphorus, made their entrance upon the chemical stage 
in a manner nothing short of dramatic, and the accompanying phenomenon of 
light helped to focus all eyes upon them. Lithium, however, entered the chemical 
world in a more quiet manner and was introduced by a scientist of lesser 
prominence, J. A. Arfvedson, a student of Berzelius. 


There is now before us a boundless prospect of novelty 
in science; a country unexplored, but noble and fertile 
in aspect; a land of promise in philosophy (1). 


As early as 1702 Georg Ernst Stahl had distinguished between the 
“natural and artificial alkalies,’’ soda and potash, and had noted that 
certain sodium salts differ in crystalline form from those of potassium. 
Definite experimental proof of the difference between the two caustic 
alkalies was given in 1736 by Duhamel de Monceau (1700-1781) and in- 
dependently in 1761 by A. S. Marggraf, who used a different method. 

Although chemists had long suspected that the alkaline earths are metal- 
lic oxides, the true nature of soda and potash was not surmised before 
the early nineteenth century (28). Lavoisier believed that they might 
contain nitrogen. 


Up to the present [said he] the principal constituents of soda are no 
better known than those of potash. We are not even certain whether 
or not that substance is already formed in vegetables before combus- 
tion. Analogy might lead us to believe that nitrogen is one of the 
principal constituents of alkalies in general, and we have the proof of 
it in the case of ammonia, as I shall explain; but as far as potash and 
soda are concerned, we have only slight presumptions, not yet con- 
firmed by any decisive experiment (29). 


In his list of elements Lavoisier mentioned thirty-three substances: 


* Illustrations by F. B. Dains, The University of Kansas, Lawrence, Kansas. 
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From A. H. Norway's ‘‘Highways and Byways in Devon and Cornwall”’ 


St. MIcHAEL’s MOUNT AND BAY NEAR PENZANCE, CORNWALL, WHERE SIR HUMPHRY 
Davy Was BorRN 





light muriatic radical copper platinum 
caloric fluoric radical tin lead 
oxygen boric radical iron tungsten 
nitrogen antimony manganese zinc 
hydrogen silver mercury lime 
sulfur arsenic molybdenum magnesia 
phosphorus bismuth nickel baryta 
carbon cobalt gold alumina 
silica 


In commenting on this list he said, ‘I have not included in this table the 
fixed alkalies, such as potash and soda, because these substances are 
evidently compound, although however the nature of the principles which 
enter into their composition is still unknown” (30). The chemical nature 
of these common alkalies remained unknown until the beginning of the 
nineteenth century, when the brilliant young English chemist, Humphry 
Davy, succeeded in decomposing both of them with his voltaic pile. 

High above an azure bay on the rugged coast of Cornwall there rises 
lofty St. Michael’s Mount, a gigantic rock surmounted by an ancient 
turreted castle. The nearby town of Penzance in Mount’s Bay may sug- 
gest to lovers of light opera the adventurous pirates of Gilbert and Sullivan, 
but chemists revere it as the birthplace of Sir Humphry Davy, who once 
gave the following vivid picture of the scene so dear to him: 
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The sober eve with purple 
bright 
Sheds o'er the hills her 
tranquil light 
In many a lingering 
ray; 

The radiance trembles on 
the deep, : 
Where rises rough thy 

rugged steep, 
Old Michael, from the 
sed. 


Around thy base, in azure 
pride, 
Flows the  silver-crested 
tide, 
In gently winding 
waves ; 
The Zephyr creeps thy 
cliffs around ,— 
Thy cliffs, with whispering 
ivy crown’d,— 
And murmurs in thy 
caves (2). 





Humphry Davy was 


born on December 17, See Hiner. Davy 
1778. He was a healthy, 1778-1829 
active, affectionate child, English chemist and physicist. One of the founders 


who made many friends of electrochemistry. Inventor of the safety lamp for 

: : miners. He was the first to isolate potassium, 
by his knack of telling sodium, calcium, barium, strontium, and magnesium. 
stories and reciting origi- Davy in England and Gay-Lusac and Thenard i 
nal verses. His teacher, isolate boron. 


Dr. Cardew, said the 

boy’s best work was done in translating the classics into English verse (3). 
Davy’s schooling ended when he was only fifteen years old, but his educa- 
tion continued for the rest of his life. In 1795 he was apprenticed to 
Bingham Borlase, a surgeon and apothecary in Penzance, and two years 
later he began to study natural philosophy and chemistry (20). His 
textbook was Lavoisier’s ‘‘Elements of Chemistry,’”’ his reagents were 
the mineral acids and the alkalies, and his apparatus consisted largely 
of wine-glasses and tobacco pipes. When he was twenty years old Davy 
became superintendent of the Pneumatic Institution which Dr. Beddoes 
had recently established at Clifton for studying the medicinal value of 
gases. He was most happy in sharing the delightful home life of Dr. 
Beddoes and the social contacts with such distinguished literary men as 
Southey and Coleridge (4). 
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ELECTROCHEMICAL APPARATUS OF SIR HUMPHRY 
Davy 


Fig. 1 Agate cups. 

Fig. 2. Gold cones. 

Fig. 3. Glass tubes. 

Fig. 4. The two glass tubes with the inter- 
mediate vessel. 

In all the figures A B denote the wires, one posi- 
tive and one negative; and C the connecting 
pieces of moistened amianthus. 


then retired at the time of his marriage. 
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In 1801 Count Rumford 
obtained for Davy a position 
as assistant lecturer on chem- 
istry and director of the lab- 
oratory at the Royal Insti- 
tution. In the Philosophical 
Magazine one finds the fol- 
lowing description of his first 
lecture, which was on gal- 
vanism: 

Sir Joseph Banks, 
Count Rumford and 
other distinguished phil- 
osophers were present. 
The audience was highly 
gratified, and testified 
their satisfaction by gen- 
eral applause. Mr. 
Davy, who appears to 
be very young, acquitted 
himself admirably well. 
From the sparkling in- 
telligence of his eye, his 
animated manner, and 
the tout ensemble, we 
have no doubt of his at- 
taining distinguished ex- 
cellence (5). 


Literary persons and the 
members of fashionable soci- 
ety, as well as_ scientists, 
flocked to his lectures. Davy 
kept a careful record of all 
his experiments and showed 
it willingly to all who were 


interested. He remained with the Royal Institution for eleven years, and 


Humphry Davy’s greatest successes were in the field of electrochemistry. 
In his first attempts to decompose the caustic alkalies, he used saturated 
aqueous solutions, but succeeded in decomposing nothing but the water. 
On October 6, 1807, however, he changed his plan of attack. “The pres- 
ence of water appearing thus to prevent any decomposition,” said he, 
“T used potash in igneous fusion”’ (22), (23), (26). 

To his great surprise he noticed intense light at the negative pole and a 
column of flame rising from the point of contact. When he reversed the 
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current the flame came always from the negative pole. Since perfectly 
dry potash is a non-conductor, Davy gave it a brief exposure to the air. 


A small piece of potash [said he], which had been exposed for a few 
seconds to the atmosphere so as to give conducting power to the sur- 
face, was placed upon an insulated disc of platina, connected with the 
negative side of the battery of the power of 250 of 6 and 4, in a state 
of intense activity; and a platina wire, communicating with the posi- 
tive side, was brought in contact with the upper surface of the alkali. 
The whole apparatus was in the open atmosphere. 

Under these circumstances [said 
Davy] a vivid action was soon 
observed to take place. The pot- 
ash began to fuse at both its points 
of electrization. There was a vio- 
lent effervescence at the upper 
surface; at the lower, or negative 
surface, there was no liberation of 
elastic fluid; but small globules 
having a high metallic lustre, and 
being precisely similar in visible 
characters to quicksilver, appeared, 
some of which burnt with explosion 
and bright flame, as soon as they 
were formed, and others remained, 
and were merely tarnished, and 
finally covered by a white film 
which formed on their surfaces. 

These globules, numerous experi- 
ments soon shewed to be the sub- 
stance I was in search of, and a 
peculiar inflammable principle the Dr. Tuomas BEDDOES 
basis of potash. I found that the aa ht Meee 

. e n n ° 
platina was in no way connected Rousllar of Ge Panunetio Tnatite, 
with the result, except as the me- tion at Clifton for studying the 
dium for exhibiting the electrical therapeutic value of gases. Sir 
powers of decomposition; and a ee — became the a 
substance of the same kind was peo pt cP Rin ee 
produced when pieces of copper, 
silver, gold, plumbago, or even charcoal were employed for compleat- 
ing the circuit. 





The little metallic globules always appeared at the cathode, and these 
had an astonishing way of bursting into flame when thrown into water. 
They skimmed about excitedly with a hissing sound, and soon burned with a 
lovely lavender light. Davy found that the new metal liberated hydrogen 
from the water and that the flame was caused by the burning of this gas 
(6), (23). Because he had obtained the metal from potash, he named it 
potassium. Dr. John Davy, who was present when potassium was isolated 
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for the first time, said that 
his brother became greatly 
excited and almost delirious 
with joy (7). 

Humphry Davy then at- 
tempted to decompose caustic 
soda by a similar method, 
and found that a larger cur- 
rent was required (6), or, as 
he himself expressed it, that 
“the decomposition de- 
manded greater intensity of 
action in the batteries, or the 
alkali was required to be in 
much thinner and smaller 
pieces.”’ 








With the battery of 
100 of 6 inches in full 
activity [he explained] 
I obtained good results 
from pieces of potash 
weighing from 40 to 70 
grains, and of a thick- 
ness which made the dis- 
tance of the electrified 

APPARATUS OF SIR HumpHRY Davy metallic surfaces nearly 
_ Fig. 1. Retort of plate glass for heating potas- a quarter of an inch; but 
sium in gases. with a similar power it 
_ Fig. 2. Platinum tray for receiving the potas- was impossible to pro- 
= duce the effects of de- 
_ Fig. 3. Platinum tube for receiving the tray composition on pieces of 
in distillation experiments. - 

Fig. 4. Apparatus for taking the Voltaic soda o ae —— sila 
spark in sulfur and phosphorus. 20 grains in weight, and 

that only when the dis- 


tance between the wires was about one-eighth or one-tenth of an 
inch. The substance produced from potash remained fluid at the 
temperature of the atmosphere at the time of its production; that from 
soda, which was fluid in the degree of heat of the alkali during its 
formation, — solid on cooling, and sper having the lustre of 
silver”’ (23), (24 














Thus only a few days after the discovery: of potassium Davy was able to 
announce the isolation of another new metal, which he named sodium. 
However, it still remained for him to prove the elementary nature of these 
metals, which many chemists believed to be compounds of the alkali and 
hydrogen. Gay-Lussac and Thenard argued, for example, that, since 
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A LETTER BY SIR HumpuHRY Davy IN WuicH HE INTRODUCES MME. LAVOISIER DE 
RUMFORD TO Dr. URE or GLASGOW 











ammonium = ammonia + hydrogen, potassium = potash + hydrogen. 
It was finally proved, however, that no hydrogen can be evolved from 
potassium, and that Davy was correct in regarding sodium and potassium 
as elements (8). 

Mr. A. Combes, one of Davy’s admirers, communicated some interesting 
comments on this discovery to Nicholson’s Journal (27) 


) I attended his course of lectures of 1807 [said Mr. Combes] and in 
; referring to my notes I find, that he stated it as a fact, that all bodies 
. of known composition attracted by the negative pole in the Voltaic 
circuit consisted principally of inflammable matter, and were natu- 


rally positive; and that it was probable therefore, that all bodies of 
unknown composition attracted by this pole, and which were naturally 
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positive, might also contain inflammable matter. In his lectures in 
1801,* he stated, that, in looking for inflammable matier after those 
ideas in the fixed alkalies, he had discovered it, and that he had likewise 
found what he had not expected, that it was metallic in its nature. 
In this instance sagacious conjecture and sound analogy were followed 
up by experimental research, and ended in a great discovery. 


Davy’s isolation of the alkali metals was brilliant in every sense of the 
word. It soon led to the discovery of the alkaline earth metals by a 
similar electrochemical method; and the alkali metals themselves were 
destined to become powerful tools in the search for other elements. 


Lithium 
Johann August Arfvedson, the discoverer of lithium, was born at Skager- 
holms-Bruk, Skaraborgs Lan, on January 12, 1792 (10). He studied chem- 
istry under Berzelius, and it was in the latter’s famous Stockholm labora- 
tory that he made this great discovery at the age of twenty-five years. 


Berzelius described this chemical event in a letter to Berthollet written on 
February 9, 1818: 


The new alkali [said he] was discovered by Mr. Arfvedson, a very 
skillful young chemist who has been working in my laboratory for a 
year. He found this alkali in a rock previously discovered by Mr. 
d’Andrada in the mine at Uté and named by him petalite. This rock 
consists, in round numbers, of 80% silica, 17% alumina, and 3% of 
the new alkali. To extract the latter from it one uses the ordinary 
method of heating the pulverized rock with barium carbonate and sepa- 
rating from it all the earths. . . 

This alkali [continued Berzelius] has a greater capacity for saturating 
acids than the other fixed alkalies, and even surpasses magnesia. It is 
by this circumstance that it was discovered. For the salt with the 
[new] alkali as base, obtained by analysis, exceeds greatly in weight 
what it ought to have weighed if its base had been soda or potash. 
It was very natural to conclude that a salt with an alkali base which 
is not precipitated at all by tartaric acid ought to contain soda. So did 
Arfvedson at first, but, having repeated the analysis of the petalite 
three times with exactly the same results, he thought he ought to 
examine each constituent more thoroughly, and it is in consequence 
of such an examination that he noticed that the alkaline substance 
had properties different from other alkalies. We have given this alkali 
the name of lithion [lithia] to recall that it was discovered in the 
mineral kingdom, whereas the two others were [discovered] in the 
vegetable kingdom (11). 


Arfvedson’s own account of his analysis of petalite is to be found in the 
Annales de Chimie et de Physique for 1819. He found that it contained 
silica, alumina, and an alkali metal which he tried to determine by weighing 
it as the sulfate. 


* This date as given in Nicholson’s Journal is obviously incorrect. 
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But [said he] it was still necessary to learn the base of the salt. Its 
solution could not be precipitated either by tartaric acid in excess or 
by platinum chloride. Consequently it could not be potassium. I 
mixed another portion of a solution of the same salt with a few drops 
of pure potash, but without its becoming cloudy. Therefore it con- 
tained no more magnesia: hence it must be a salt with soda for a base. 
I calculated the quantity of soda which would be necessary to form 
it; but it always resulted in an excess of about 5 parts in 100 of the 
mineral analyzed. Therefore, since it seemed probable to me that the 
different substances might not have been well washed, or that the 
analysis might not have been made with sufficient precision in other 
respects, I repeated it twice more with all the care possible, but always 
with results very little different. I obtained: Silica: 78.45, 79.85; 
Alumina: 17.20, 17.30; Sulfate: 19.50, 17.75. At last, having stud- 
ied this sulfate more closely, I soon found that it contained a definite 
fixed alkali, whose nature had not previously been known (21). 


Petalite is now known to be lithium aluminum silicate, LiAl(SizOs5)2. 

On April 22, 1818, Berzelius wrote to his London friend, Dr. Marcet, 
that Arfvedson had also found lithium in spodumene and lepidolite, and 
that the former contains about 8% of this metal, whereas the latter con- 
tains about 4%. In the spring of the memorable year (1824) that Wohler 
spent at Stockholm, he accompanied a distinguished group of Swedish 
chemists, including Berzelius, Hisinger, Arfvedson, and C. Retzius, ona 
holiday excursion to Uté Island about two miles out from shore in the 
Baltic Sea. The island interested them greatly, not only because of its 
rich iron mines, but also because of its rare minerals, including petalite 
and spodumene, in which Arfvedson had found the new alkali metal (9). 
Lepidolite is also found on this island (12). 

Arfvedson also studied the most important lithium salts, and his results 
were quickly confirmed by Vauquelin (13). Lithium differs from potas- 
sium in that it does not give a precipitate with tartaric acid, and from 
sodium in that its carbonate is only sparingly soluble. The beautiful red 
color which lithium salts impart to a flame was first observed in 1818 by 
C. G. Gmelin (14), (25). 

Arfvedson and Gmelin tried unsuccessfully to isolate lithium metal. 
After failing to reduce the oxide by heating it with iron or carbon, they 
tried to electrolyze its salts, but their Voltaic pile was not sufficiently 
powerful (14). Brandes finally succeeded in decomposing lithia with a 
powerful battery and obtained a white, combustible metal, and Davy also 
obtained a small amount of lithium in the same manner (14), (15), (31). 

Although these early investigators obtained only an extremely small 
quantity of the metal, Bunsen and Matthiessen succeeded in 1855 in prepar- 
ing enough of it for a thorough study of its properties (16). They accom- 
plished the reduction by heating pure lithium chloride in a small thick- 
walled porcelain crucible with a spirit lamp such as Berzelius used, while a 
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current from four to six carbon-zinc elements (Bunsen cells) was passed 
through the molten mass. After a few seconds they saw a fused, silver- 
white regulus form at the cathode and build up in two or three minutes 
to the size of a pea. They carefully removed the globule with an iron 
spoon, placed it under petroleum, and repeated the operation every three 
minutes until they had reduced an ounce of lithium chloride (16). They 
also showed that lithium, although it was first found in the mineral king- 
dom, is widely distributed in all three of the natural realms. 

That the famous mineralogist, the Abbé Haiiy, held Arfvedson in high 
esteem is evident from his letter of June 13, 1820, in which he said to Ber- 
zelius, ‘‘Be so kind, Monsieur, as to offer to M. Arfvedson, of whom it 
suffices to say that he is your worthy pupil, the assurance of the profound 
esteem and distinguished respect which I bear him’”’ (17). 

In the same year Arfvedson bought an iron-works (forge de feu) and a 
large estate at Hedensé in the province of Séddermanland, which caused 
Berzelius to fear lest this promising young chemist might abandon his 
scientific career (17). Perhaps his misgivings were well founded, for 
Thomas Thomson, after mentioning Arfvedson’s experiments on the 
oxides of uranium* and on the action of hydrogen on metallic sulfides, 
said, ‘‘He has likewise analyzed a considerable number of minerals with 
great care; but of late years he seems to have lost his activity. His 
analysis of chrysoberyl does not possess the accuracy of the rest; by some 
inadvertence, he has taken a compound of glucina and alumina for silica” 
(18). Arfvedson died at his Hedensé estate on October 28, 1841 (10). 
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THE DISCOVERY OF THE ELEMENTS. X. THE ALKALINE 
EARTH METALS AND MAGNESIUM AND CADMIUM* 


Mary ELvirA WEEKS, THE UNIVERSITY OF KANSAS, LAWRENCE, KANSAS 


The isolation of the alkaline earth metals required the combined genius of 
Davy and Berzelius. After the latter had succeeded in decomposing lime and 
baryta by electrolyzing a mixture of the alkaline earth and mercury, Davy was 
able in 1808 to prepare the amalgams in larger quantity and, by distilling off 
the mercury, to isolate the metals, strontium, barium, calcium, and magnesium. 
In the year 1817 a number of preparations of zinc oxide sold by German 
apothecaries were confiscated by the inspectors, who found that zinc carbonate 
had been substituted for the oxide, that the carbonate became yellow upon 
heating, and that, when hydrogen sulfide was passed into an acid solution of the 
carbonate, a yellow precipitate resembling arsenious sulfide was thrown down. 
The researches of Dr. Stromeyer, Dr. Roloff, and Mr. Hermann proved, how- 
ever, that this yellow precipitate was not arsenic sulfide, but the sulfide of an 
unknown metal. Thus the good name of the manufacturing pharmacies was 
restored, and the chemical world was enriched by the discovery of the new element, 
cadmium. 


If matter cannot be destroyd, 
The living mind can never die; 
If een creative when alloy d, 
How sure its immortality! 


Then think that intellectual light, 
Thou loved’ st on earth is burning still, 

Its lustre purer and more bright, 
Obscured no more by mortal will (1). 


Calcium 


Although the ancients had many uses for lime, they knew nothing of its 
chemical nature. George Ernst Stahl (1660-1734) thought that in the 
slaking of this substance the earthy element combined with the watery 
element to form a salt. He admitted that there are distinct earths that 
might be converted into metals by combining with phlogiston. Although 
most eighteenth-century chemists thought that lime and baryta were 
elements, Lavoisier believed them to be oxides (2), (12). ‘“‘It is probable,” 
said he, “that we know only part of the metallic substances which exist in 
Nature; all those, for example, that have more affinity for oxygen than for 
carbon are not capable of being reduced or brought to the metallic state, 
and they must not present themselves to-our eyes except in the form of 
oxides, which we do not distinguish from the earths. It is very probable 
that baryta, which we have just classified with the earths, is one of these; 
it presents experimentally properties which closely ally it with metallic 


* Illustrations by F. B. Dains, The University of Kansas, Lawrence, Kansas. 
1046 











+ ee eee, ee Ag es). Se ee 








Vou. 9,No.6 |THE DISCOVERY OF THE ELEMENTS. X 1047 


substances. It is possible, strictly 
speaking, that all the substances 
which we call earths may be simply 
metallic oxides irreducible by the 
methods we employ” (12). Neumann 
made some elaborate but unsuccessful 
attempts to obtain a metal from 
quicklime (3), but for this difficult 
reduction new methods, new appara- 
tus, and the genius of a Davy were 
required. 

Sir Humphry’s ardent nature could 
not rest content with his recent 
triumphs over sodium and potassium. 
With a conqueror’s enthusiasm he 
pushed ahead toward the still more 
difficult task of decomposing the al- 
kaline earths. In his first attempts : 

Professor of chemistry and lecturer 
he passed a current through the at the Royal Institution, London. 
moist alkaline earth, which was pro- Pomona Pag ring — 
tected from the air by a layer of , ; 

. From Muspratt’s “Chemistry, Theoreti- 
naphtha. There was slight decom- cal, Practical and Analytical.” 
position, but any metal that may 
have been formed combined immediately with the iron cathode (3). 

Davy then tried to use potassium directly asa reducing agent. ‘‘I heated 
potassium,” said he, “in contact with dry, pure lime, barytes, strontites, 
and magnesia, in tubes of plate glass; but as I was obliged to use very small 
quantities, and as I could not raise the heat to ignition without fusing the 
glass, I obtained in this way no good results.’’ Although the potassium 
attacked the earth and the glass, no distinct metallic globules were ob- 
tained (3). 

The method he finally adopted was to mix the non-conducting, dry 
earth (lime, strontia, or baryta) with excess potash and fuse it. When he 
covered the alkaline mixture with naphtha and passed an electric current 
through it, he soon saw metallic globules rising and bursting into flame, 
but when the flame died out, there remained nothing except potash and the 
alkaline earth with which he had started (2), (3). 

Although greatly disappointed over this failure, Sir Humphry soon 
thought out another plan of attack. This time he mixed lime with mer- 
curic oxide and obtained a small amount of calcium amalgam. He also 
made similar alloys of the other alkaline earths with mercury, silver, tin, 
and lead, but never obtained enough of the alloy to permit the isolation 
of the alkaline earth metal. In May, 1808, however, Berzelius wrote Davy 





Str Humpury Davy 
1778-1829 





1048 





THE CHEMICAL 
ad 10 RK 


ae 


S 


CASPAR NEUMANN, M.D. 
Srna Genie «Bik ¥. R. 8. ke. 


Apaineun ink ils ¥aasshbh 


With lage Additions, Coating the late Digconeres ead lmprove- 
ments inade in Chemiftry and the Arts depending thercon, 


By WILLIAM LEWIS, M. B. 
and Fellow of the Royal Society. 


. eek Zz 7 NDO ie 
Pred for W. Jo: onnszos ia Aree, G. Keira in Gimeatent- 
A. Lianne » ¥.D. ANS ees Jaw ia 
Fontan Tt; sebbes % T. Casion — 


Stationrs-Hell, wd EB. Dvir’ in ‘the Pyaxiry. 
i ceieennetineiinmmement 


M DCC LIX, 














TITLE PAGE OF THE “CHEMICAL WorKsS OF Cas- 
PER NEUMANN” (1683-1737). 


Apothecary and professor of chemistry at Ber- 
lin. His writings were carefully studied by 
Scheele and Davy. 


in order to make possible the use of a heavy 
current from ‘‘a battery of five hundred.” 
A platinum wire dipping into the mercury 
was connected to the negative pole. By this 
means Sir Humphry obtained enough of the 
calcium amalgam so that he could distil off 
the mercury and see for the first time the 
silvery-white metal, calcium (2), (3). 

In his letter of July 10, 1808, Davy ac- 
knowledged his indebtedness to Berzelius and 
Dr. Pontin. After describing his early failures 
he said, 


Since I have been favoured with your 
papers, I have, however, made new and 
more successful attempts, and by com- 
bining your ingenious mode of operating 
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that he and Dr. Pontin, the 
king’s physician, had decom- 
posed lime by mixing it with 
mercury and electrolyzing the 
mixture, and that they had 
been equally successful in 
decomposing baryta and pre- 
paring barium amalgam (2), 
(13). 

With the help of this sug- 
gestion, Davy finally worked 
out a method of obtaining 
the alkaline earth metals 
themselves. He mixed the 
moist earth with one-third 
its weight of mercuric oxide, 
and placed it on a platinum 
plate connected to the posi- 
tive pole of a powerful bat- 
tery. He then hollowed out 
a little cavity in the center 
of the mixture, and poured 
a globule of mercury into it 





Dr. PoNTIN (M.M. AF PontiN) 
1781-1858 


Physician to the King of 
Sweden. He collaborated with 
Berzelius in preparing amal- 
gams of calcium and barium by 
electrolyzing lime or baryta in 
presence of mercury. Author 
of a biography of Berzelius. 
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Tuomas CHARLES Hope 
1766-1844 
Scottish chemist and physician. Successor to Dr. Joseph Black at Edinburgh. 
The first chemist in Great Britain to teach Lavoisier’s views on combus- 
tion. Hope and Crawford (also of Edinburgh) were the first to distinguish be- 
tween baryta and strontia. 
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with those that I before employed, I have succeeded in obtaining suffi- 
cient quantities of amalgams for distillation. At the red heat the 
quicksilver rises from the amalgams and the bases remain free. The 
metals of strontites, barytes, and magnesia are all that I have experi- 
mented upon in this way; but I doubt not the other earths will afford 
similar results. ... I consider this letter as addressed in common to 
you and your worthy fellow labourer, Dr. Pontin, to whom I must 
beg you to present my compliments”’ (14). 


Barium 


Early in the seventeenth century Vincentius Casciorolus, a shoemaker in 
Bologna, noticed that when heavy spar is mixed with a combustible sub- 
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RICHARD KIRWAN 
1733-1812 
Irish chemist. Author of a treatise 
on water analysis, which is one of the 
first books on quantitative analysis. 
Famous for his early researches on 
strontia. 


the barium as the carbonate (15). 
by Sir Humphry Davy in 1808 (2), 


stance and heated to redness, the mix- 
ture emits a phosphorescent glow. He 
shared his discovery with the alchemist, 
Scipio Begatello, and the mathemati- 
cian, Maginus, of the same city, who 
afterward prepared and exported the 
luminous substance as “Bologna 
stone,’’ a name which also came to be 
applied to the original heavy spar it- 
self. For some time this mineral was 
believed to be a kind of gypsum, but 
Cronstedt classified it as a special 
species. Marggraf showed in 1750 that 
it contains sulfuric acid, but he be- 
lieved the base of it to be lime (18). 
Baryta was first distinguished from 
lime in 1779 by Scheele, who prepared 
it from heavy spar, a naturally occur- 
ring barium sulfate. He reduced the 
sulfate to the sulfide by heating a 
sticky, pasty mixture of heavy spar, 
powdered charcoal, and honey. After 
decomposing the barium sulfide with 
hydrochloric acid, he added an excess 
of potassium carbonate to precipitate 
Metallic barium was first prepared 


(3). 


Strontium 


Crawford of Edinburgh was probably the first man to distinguish be- 
tween baryta and strontia (18). After examining a supposed specimen of 
barium carbonate from the lead mine at Strontian, Argyleshire, he con- 
cluded that he had discovered a new earth, which he proposed to call 
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strontia. In his ‘“Treatise on Barium Muriate”’ published in 1790 he gave 
four reasons for regarding strontia as a new earth: (1) strontium chloride is 
much more soluble in warm water than in cold, whereas temperature has 
little effect on the solubility of barium chloride; (2) strontium chloride is 
more soluble than barium chloride; (3) strontium chloride gives a much 
greater cooling effect when dissolved in water; and (4) the two chlorides 
have different crystalline forms. Crawford’s results were soon verified 
by Hope (26), (30), Klaproth (19), Kirwan (28), (29), Pelletier (16), and by 
Fourcroy and Vauquelin (17). Pelletier noticed also that strontia, unlike 
baryta, is harmless to animals. Sir Humphry Davy isolated the metal in 
1808 by the method he had used for 
calcium and barium (5), (3). 


Magnesium 


‘In the eighteenth century a white 
powder known as magnesia alba was 
sold in Rome as a mysterious panacea, 
and the source of it was long kept 
secret. Friedrich Hoffmann (1660- 
1742) finally showed that this powder 
could be prepared from the mother- 
liquors of niter or of common salt. His 
product, however, was contaminated 
with lime. At this time it was be- 
lieved that when carbonates are cal- 
cined they combined with an acrid 
principle from the fire to form caus-  ayrorne ALEXANDRE BRUTUS BUSSY 
tic alkalies. In 1755, however, Dr. 1794-1882 
Joseph Black (26) of Edinburgh pub- Trench chomist, pharmacist, ond 
lished a famous treatise entitled, the Ecole de Pharmacie in Paris. He 
“Experiments upon Magnesia Alba, was comected with this stot fr 
Quicklime, and some other Alkaline thirty years he served as its director. 
Substances,” in which he proved that 1" 1831 he obtained magnesium in 

: ‘ " coherent form. 
carbonates Jose weight during calcina- 
tion and that the substance expelled is carbon dioxide, “‘fixed air.”’ In this 
treatise he showed that magnesia is entirely different from lime, and four 
years later Marggraf in Berlin made the same discovery independently 
(18), (20), (21). 

When Sir Humphry Davy isolated a little magnesium metal in the famous 
experiments already described, he called it magnium because, as he said, 
the word magnesium is easily confused with manganese. Nevertheless, the 
name magnesium has persisted, and the metal is no longer known by the 
one which Davy gave it. 
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SIDE VIEW OF THE ECOLE SUPERIEURE DE PHARMACIE, SHOWING THE LABORATORIES 
FOR PRACTICAL PHARMACY 


The quantity of metal which he prepared was very small, and it was not 
until 1831 that it was first prepared in a coherent form. This was done 
by the French chemist, Antoine Alexandre Brutus Bussy, who was born at 
Marseilles on May 29, 1794. He studied at the Ecole Polytechnique for a 





EXHIBIT OF DRUGS AND MEDICINALS AT THE ECOLE SUPERIEURE DE PHARMACIE 


Vauquelin was the director of this school from the time of its reorganization in 1803 
until his death in 1829. 
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time, but his interest in chemistry soon led him to abandon his military 
career and to become apprenticed to a pharmacist. After studying phar- 
macy at Lyons and at Paris he became a pupil of Robiquet, who was then a 
préparateur in chemistry at the Ecole de Pharmacie. Bussy graduated in 
pharmacy in 1823 and received his medical degree in 1832. 

Although most of his researches were of a pharmaceutical nature, he 
published in 1831 a paper entitled “Sur le Radical métallique de la 
Magnésie,’’ in which he described a new method of isolating magnesium, 
which consisted in heating a mixture of magnesium chloride and potassium 
ina glass tube. When he washed 
out the potassium chloride, small, 
shining globules of metallic mag- 
nesium remained (8), (20), (27). 

For several years Bussy taught 
pharmacology in the medical 
school at the Ecole de Pharmacie, 
and in 1856 he served as president 
of the Academy of Medicine. 
For fifty-six years he served on 
the editorial staff of the Journal 
de Pharmacie et de Chimie. He 
died at Paris on February 1, 
1882, at the age of eighty-seven 
years (22). 














Cadmium 
Cadmium was discovered in ar 3 
1817 by Dr. Friedrich Stromeyer, anedireaieed 
as 3 FRIEDRICH STROMEYER 
a professor of : chemistry and 1776-1835 
pharmacy at Gottingen Univer- German physician, botanist, chemist, 


sity. He was born on August 2, and pharmacist. Inspector-general of all 
pL ; . the Hanoverian apothecary shops. Dis- 
1776, at a time when the phlogis- —_coverer of the element cadmium. His col- 
ton theory was drawing its last oe eb yt mineral analyses is a classic 
breath (8). After studying chem- aiid sane iassusie® 

istry, botany, and pharmacy in his native city of Géttingen, he worked in 
Paris under the great master of analytical chemistry, Vauquelin. Fol- 
lowing the example of this famous teacher, he devoted himself almost 
entirely to the analysis of minerals (9). 

In 1802 he became a privatdozent in the faculty of medicine at Géttingen, 
and was rapidly promoted until in 1810 he became a full professor (professor 
ordinarius). In the German universities, as in certain American ones, 
professors frequently hold government offices. Dr. Stromeyer was the 
inspector-general of all the apothecaries of Hanover. On an inspection trip 
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to Hildesheim in the autumn of 1817 he noticed that a certain preparation 
which, according to the Hanoverian Pharmacopoeia, ought to have con- 
tained zinc oxide, contained zinc carbonate instead. The events which 
followed were described by Dr. Stromeyer in his letter to Dr. Schweigger 
written on April 26, 1818: 


As I was last harvest inspecting the apothecaries’ shops in the prin- 
cipality of Hildesheim, in consequence of the general inspection of the 
apothecaries of the kingdom having been entrusted to me by our most 
gracious Regency, I observed in several of them, instead of the proper 
oxide of zinc, carbonate of zinc, which had been almost entirely pro- 
cured from the chemical manufactory at Salzgitter. This carbonate 
of zinc had a dazzling white colour; but when heated to redness, it as- 
sumed a yellow colour, inclining to orange, though no sensible portion 
of iron or lead could be detected in it. 


In an attempt to determine why this substitution had been made, 
Dr. Stromeyer visited the pharmaceutical firm at Salzgitter. 


When I afterwards visited Salzgitter, during the course of this 
journey [said he] and went to the chemical manufactory from which 
the carbonate of zinc had been procured; and when I expressed my 
surprise that carbonate of zinc should be sold instead of oxide of zinc, 
Mr. Jost, who has the charge of the pharmaceutical department of the 
manufactory, informed me that the reason was, that their carbonate of 
zinc, when exposed to a red heat, always assumed a yellow colour, 
and was on that account supposed to contain iron, though the greatest 
care had been taken beforehand to free the zinc from iron, and though 
it was impossible to detect any iron in the oxide of zinc itself. 


The fact that the zinc carbonate could not be converted into the oxide 
without discoloration interested Dr. Stromeyer greatly. 


This information [said he] induced me to examine the oxide of zinc 
more carefully, and I found, to my great surprise, that the colour which 
it assumed was owing to the presence of a peculiar metallic oxide, 
the existence of which had not hitherto been suspected. I succeeded 
by a peculiar process in freeing it from oxide of zinc, and in reducing 
it to the metallic state. .. .(10). 


His method of obtaining the metal was as follows. He dissolved the 
impure zinc oxide in sulfuric acid and passed in hydrogen sulfide. After 
filtering and washing the precipitate of mixed sulfides, he dissolved it in 
concentrated hydrochloric acid and evaporated to dryness to drive off 
excess acid. After dissolving the residue in water, he added a sufficient 
excess of ammonium carbonate solution to redissolve any zinc and copper 
that may have been precipitated. Since the carbonate of the new element 
was not soluble in excess ammonium carbonate, Dr. Stromeyer filtered it 
off, washed it, and ignited it to the oxide. After mixing the brown oxide 
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with lampblack in a glass or earthen retort, he heated the mixture to 
moderate redness. Upon opening the retort he found a bluish gray metal 


with a bright luster (10). 
However, since he had only three grams of the new metal, he was un- 


able at first to make a thorough study of its properties. Fortunately, he 
soon received more of it from an unexpected source, for in the same letter 


to Dr. Schweigger he wrote: 


I am happy, therefore, to be able to inform you, that within these 
few days, through Mr. Hermann, of Schénebeck, and Dr. Roloff, of 
Magdeburg, who took an interest in this metal, I have been placed in a 
situation which will enable me to carry my experiments further. Dur- 
ing the apothecary’s visitation in the state of Magdeburg some years 
ago, there was found in the possession of several apothecaries, a 
preparation of zinc from Silesia, made in Hermann’s manufactory at 
Schénebeck, which was confiscated on the supposition that it con- 
tained arsenic, because, when dissolved in acids, and mixed with sul- 
phuretted hydrogen, it let fall a yellow precipitate, which, from the 
chemical experiments made on it, was considered as orpiment. 

This fact [continued Stromeyer] could not be indifferent to Mr. 
Hermann, as it affected the credit of his manufactory, and the more 
especially as the Medicinal Counsellor Roloff, who had assisted at 
the Apothecaries’ visitation, had drawn up a statement of the whole, 
and sent it to Hufeland, who published it in the February number 
of his Medical Journal. He, therefore, subjected the suspected oxide 
of zinc to a careful examination; but he could not succeed in detect- 
ing any arsenic in it (24). 

He then requested the Medical Counsellor Roloff (23) to repeat 
his experiments on the oxide once more. This he did very readily 
and he now perceived that the precipitate which had at first been 
taken by him for orpiment, was not so in reality; but owed its exis- 
tence to the presence of another metal, having considerable resemblance 
to arsenic, but probably new. To obtain full certainty on the subject, 
both the gentlemen had recourse to me, and have sent me, within 
these few days, both a portion of the Silesian oxide of zinc and speci- 
mens of the orpiment-like precipitate and of the metal extracted from 
it, with the request that I would subject these bodies to a new examina- 
tion, and in particular that I should endeavour to ascertain whether 
they contained any arsenic. 


Dr. Stromeyer soon surmised that the metal which Mr. Hermann and Dr. 
Roloff had extracted from the Silesian zinc oxide was the same as the one 
he had obtained from the Salzgitter product. 


From the particulars already stated [said he] I considered it as prob- 
able that this Silesian oxide of zinc contained likewise the metal which 
I had discovered; and as it gives with sulphuretted hydrogen a pre- 
cipitate similar in colour to orpiment, I considered this to be the reason 
why the oxide was supposed to contain arsenic. Some experiments 
made upon it fully confirmed this opinion. I have, therefore, in- 
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formed Mr. Hermann of the circumstance by the post; and I shall 
not fail to give the same information to Medicinal Counsellor Roloff, 
whose letter I only received the day before yesterday. 


This discovery gave great satisfaction and relief to Mr. Hermann be- 
cause it again brought his pharmaceutical establishment into good standing, 
and it also gave Dr. Stromeyer the opportunity to make a more thorough 
study of the new metal and its compounds. Because this metal is so 
frequently found associated with zinc, he named it cadmium, meaning 
calamine. In the researches which led to this discovery, he was assisted by 
two of his students, Mr. Mahner of Brunswick and Mr. Siemens of Ham- 
burg. 

Meissner of Halle and Karsten (25) of Berlin, without any knowledge of 
the work done by Stromeyer, Roloff, and Hermann, also discovered cadmium 
independently (11). 

In 1817, perhaps as a result of his great discovery, Dr. Stromeyer received 
the honorary title of Hofrath, or court counselor. After publishing many 
papers on mineralogy and chemistry, and serving his university for many 
years as an inspiring teacher, he died on August 18, 1835, in the city where he 
was born and where he had spent most of his life (8). 
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CHEMISTRY AS A VOCATION. A BIT OF VOCATIONAL 
GUIDANCE FOR INQUIRING HIGH-SCHOOL PUPILS* 


FRANK B. WADE, SHORTRIDGE H1GH SCHOOL, INDIANAPOLIS, INDIANA 


“Well, son, what can I do for you?” 

“‘Are you the one who gets jobs for boys?” 

“Yes. That is, I always try to get the boys jobs, if there are any to be 
had. Are you wanting to do some part-time work?” 

“No. It wasn’t that, but I thought that you might be able to tell me some- 
thing about the chances for a fellow if he takes up chemistry as a business, 
I’ve been more interested in chemistry since I got into that class than in any- 
thing I have ever taken and I thought that maybe I’d like to follow it up.” 

‘Why, perhaps I can! I’ve had a lot of my boys go into chemistry 
and have found many places for them, both right after they got through 
high school and after they had graduated from colleges and technical schools, 
Suppose you come around tomorrow at the conference period and I will 
be thinking about it in the meantime and I'll try to give you some idea of 
what the chances are.” 

* * * 

“Ah! Here you are. Right on time. Let’s go into the stockroom 
where we can be comfortable and out of the way and I will try to give you 
some idea of the possibilities. I take it that you are not interested 
in chemistry because there is something going on (or going off) in the class 
every day, but that you are beginning to think about what you are going 
to do some day and are wondering if chemistry would not lead to something 
really worth while. 

“‘Now there are a lot of things to consider—in good times there are quite 
a number of places in the larger laboratories for boys who have had very 
little chemistry, perhaps only high-school chemistry. I have placed some 
dozens of them around town in various labs. These boys have to begin 
by doing most of the drudgery around the labs. They wash bottles and 
apparatus, etc., and occasionally they get a little chance to learn and to 
perform simple routine operations. If they are good at this latter kind of 
work they sometimes get a good deal of it todo. The better ones, who put 
in a lot of time on extra work, while doing the required work well, too, 
sometimes move up into fairly important places and get good wages, for 
boys. But always there is a limit. They haven’t had any real training in 
the foundation work, they cannot lay out new work, they just have to do 
what they are shown how to do. 

“In good times they usually get about $15 a week to start with. By the 
time they have received several raises they may be getting from $90 to $100 


* This paper and that by H. W. RHOopEHAMEL which immediately follows it are the 
second contribution to a series of articles by the Committee on Vocational Guidance of 
the Division of Chemical Education of the A.C.S. M. V. McGrrw’s article on “‘Voca- 
tional Guidance in Chemistry” [J. Coem. Epuc., 9, 885-8 (May, 1932)] was the first 
article of this series. 
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amonth. A few have gone to $120 but not many. I have even had one 
or two become heads of departments but only by working into the manage- 
ment of the plant. Now this may seem like a lot of money to you but your 
college-trained man would start about where the better ones among these 
high-school graduates leave off and if he was good and business conditions 
were normal or better he would soon be a long way ahead of the boy. I 
will say to you as I always do to the boys for whom I get jobs in labs that 
such a job is likely to be a blind alley unless you make the most of it and 
save your money and some day go to college or technical school and get the 
kind of training that your boss has. A lot of my boys have done just that 
and have later returned to much more important positions in the same labs 
where they had only jobs before. There is one thing to be said for this 
way of starting—you get a chance that way to find out if you are really in 
love with chemistry as a profession. You also usually get quite a bit of 
encouragement from the trained chemists with whom you are associated 
and you do not get altogether out of the habit of study. If you 
cannot get your technical training by going directly from high school 
to college the lab apprenticeship isn’t a bad way. But what is the case 
with you? Can your dad afford to send you to college next year?” 

“Well, dad says that if I mean business he can pay perhaps two-thirds 
of what it will cost if I will take care of the rest of it.” 

“In that case you would probably like to know something about some of 
the various fields open to chemists and about what they pay in the average 
case. I hope you have a lot of math credits and some German or French 
credits, for in most of the better lines of chemical work you will find them 
mighty handy if not indispensable, and you will want to carry them on in 
college until you have ready use of them as tools in your work. You know 
that the American Chemical Society has divided itself up into a good many 
divisions, because there are now so many different branches of chemistry 
that the men in one branch have all that they can do to keep up in their 
own field. Since you were in to see me yesterday I have looked up a copy 
of one of the journals of the society and here is a list of the divisions: 1— 
Agricultural and Food, 2—Biological, 3—Cellulose, 4—Chemical Educa- 
tion (that’s mine), 5—Colloid, 6—Fertilizer, 7—Gas and Fuels, 8—History 
of Chemistry (that is closely related to the educational field), 9—Industrial 
and Engineering Chemistry, 10—Leather and Gelatin, 11—Medicinal 
Chemistry, 12—Organic, 13—Paint and Varnish, 14—Petroleum, 15— 
Physical and Inorganic, 16—Rubber, 17—Water, Sewage, and Sanitation. 
You see that there are a good many different fields and, more than that, 
there are many subdivisions in most of the fields, so that a man who has had, 
first, a good general course for his chemistry major and then some special 
work, may have to start in to learn any one of a large number of special 
industries when he gets on a paying basis. Doesitscare you? You mustn’t 
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let it. I looked up your record in the office and it is a pretty good one, 
Many a boy who did not have as good a record as you have has made good 
in the chemistry field.”’ 

“With so many kinds of chemistry how can a fellow tell what courses to 
take in college, especially when he doesn’t know which one of the kinds 
of chemistry he would rather try?”’ 

“You needn’t worry about that for some time yet. They will require you 
to take quite a number of courses before they will even let you elect any for 
yourself. You will want to get a good broad foundation to build on before 
you begin to specialize. They will probably make you take another year of 
general inorganic chemistry after high-school chemistry, and then some 
analytical chemistry, both qualitative and quantitative, and some organic 
lectures and lab and quite a bit of physical chemistry before they let you 
have any choice in the matter and by that time you will have had a chance 
to see what there is in the way of different fields and you can more wisely 
choose which line you would like to follow.” 

“What does a chemist do where he works? Is he always analyzing 
things?” 

“Some chemists are analysts but many of the more ambitious own their 
own labs and take in all sorts of problems. It is a pretty good line of work 
if you have a broad training and if you are a good business man, too. 
You are your own manager for one thing, and all the rewards come to you 
if you are successful. If you are energetic you will go out and look up 
problems and not wait for them to come to you. You may even have to 
show the man who has the problem that he has it and is losing money with- 
out knowing it. If you get so you can sell your services like that you will 
be in a fair way to make money and to do good service to society, too. 
While chemists have become much better recognized since the war than 
they used to be, there are still industries in this country that are going by 
rule of thumb and they could do ever so much better if some good chemist 
would take hold of them and straighten them out. One industry that 
went for ages by cookbook recipes, so to speak, is the ceramic industry: 
china, pottery, tiles, and things like that, you know. Now there are 
coming to be quite a number of young chemists who have mastered much 
of the scientific side of making such things and we may expect to see some 
of those old businesses made over. Whether or not there would be too 
many such chemists in that line by the time you could get ready is a ques- 
tion. When you come to decide just what branch of chemistry you want to 
get into you must consider pretty carefully the question of supply and 
demand in the various fields and try to get into a new and promising 
field. 

“You see that I have been considering the consulting chemist, who per- 
haps began as a public analyst but got into bigger matters. Most such 
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chemists, however, begin by working for other people and therbranch out 
for themselves. Keep this idea in mind and don’t get stalled in any little 
place. 

“When you first get out of college (with a master’s degree, I hope, and 
that will take at least five years) you will probably be recommended by 
one of your professors for some position. If by that time you have 
decided to go into teaching you should be ready for a high-school position 
and as things have been going you might get $1000 or possibly $1200 a year 
for your services. In time, if you made good and got promotions, or 
went up on a salary scale in a fairly large city you might make as much as 
$2800 and if you became head of a department there might be some $500 
more added to your salary. In very large cities where the cost of living 
is high you might get considerably more. To become a college professor 
you would have to get your doctor’s degree (Ph.D.) before you could get 
any important place and that would mean two or three more years of study 
and some real research on your part. If your dad couldn’t keep up the 
pace so long you would have to get an assistantship or earn a scholarship or 
a fellowship at your college to help out. Your earning capacity as a college 
professor might be no greater than that of a successful high-school teacher 
in a big school or it might be quite a bit more, according to the means of 
the college or university where you got a place. You would have some very 
real compensations in either high-school or college work that the industrial 
chemist lacks. The many acquaintances with young folk and the chance 
to influence them and advise them is a fine thing. You can feel that you 
are living profitably as well as making a profitable living. The college 
professor, too, usually has some portion of his time left free for original 
research so that he can help extend our knowledge. In fact, he is usually 
expected to do some, at least, of this sort of thing.” 

“T don’t believe I am cut out to be a teacher. About how much do 
beginners get when they go into industrial labs and what does it lead to? 
I expect that by the time I have got through four years of college I will have 
to begin earning something.” 

“Well, in that case you can work for awhile and earn and save and per- 
haps go back for a year and get some more work and maybe another degree. 
As nearly as I can find out the larger industrial labs can get all the young 
graduates they want for from $125 to perhaps $150 a month. A good way 
to get in line for such a position would be to get a summer job in the kind 
of plant that you think you would like to work for. Such summer jobs 
may pay fifty cents an hour. You can thus earn something toward that 
one-third that you will have to provide and at the same time have a chance 
to get some experience and to sample the field, and if you do really good 
work and never hear the whistle blow you may get yourself into a permanent 
position after college. 
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“After you have got your start there is a pretty good prospect for a series 
of increases if business is at all good. There is also very little unemploy- 
ment among chemists as compared to most lines of work. Even during the 
present repression, as Andy calls it, the chemists have fared better than most 
professions in this regard. After some time if you prove to be useful to the 
firm you may hope to reach a maximum of around $5000 in a big lab with- 
out becoming head of a department. Heads get considerably more than 
tnat under good conditions. They have to be something more than good 
chemists and research men, however. They have to know how to manage 
men and to sell ideas. If your contract calls for sharing in the fruits of any 
important discoveries that you make for the firm, and this is sometimes the 
case, you may reap a really large reward if you are connected with a 
successful business. 

“But it is getting late. One other suggestion and we must be going home. 
If you get into engineering chemistry in a good school you will be trained 
to think in terms of the management of the business as well as in terms of 
chemical and engineering problems. Some very large rewards are to be 
had by those who thus get into the business end of chemical engineering.” 

“Much obliged. You have surely given me plenty to think about. 
May I come back again sometime after I have had a chance to study 
the matter awhile?’ 

“Certainly, son! Any time when I haven’t a class. Goodnight!” 


CHEMISTRY AS A VOCATION. YOUR START TOWARD AN 
INDUSTRIAL JOB IN CHEMISTRY* 


H. W. RHODEHAMEL, LILLY RESEARCH LABORATORIES, INDIANAPOLIS, INDIANA 


Nowadays when you get a “job” as a chemist with an industrial concern 
it is fairly certain that you have been well trained and know the funda- 
mentals of chemistry reasonably well. This does not mean that every 
high-school boy who decides to study chemistry is going to get the “job” 
he wants and be a good chemist. 

There are so many stumbling blocks from high school to job that each 
of you should be sure that you like chemistry enough to make it your life’s 
work. Not only like it enough, but be willing to work hard and patiently 
to learn the fundamentals. 

In the last few years you have heard a lot about chemistry. Even in 
grade school you learned that all the beautiful colors you see can be made 


* This paper and that by F. B. WapE which immediately precedes it are the second 
contribution to a series of articles by the Committee on Vocational Guidance of the 
Division of Chemical Education of the A.C.S. M.V. McGitv’s article on “Vocational 
Guidance in Chemistry” [J. Cuem. Epuc., 9, 885-8 (May, 1932)] was the first article of 
this series. 
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from coal; that chemistry put together the war gases; that chemists 
discovered how many of the ills of the human race could be successfully 
treated. In other words, you hear of the high lights of chemical achieve- 
ment, but not much of the patience and study required to enable chemists 
to make discoveries. Successful results in chemistry are much like those in 
any other profession—the result of long, patient study. 

Now let’s assume you have decided you like chemistry and are going to 
stick at it and graduate and then look fora ‘‘job.”” What does your employer 
in industry want? First, he wants you to have your degree to represent at 
least four years’ training. (Of more advanced training I will tell you more 
alittle later.) Your grades should be good enough that your teachers are 
willing to recommend you. Second, you should have a pleasing personality, 
for in industry you must work and coéperate with many other people, 
understand the viewpoints of others; and later, if promotion brings an 
executive position, personality is still more necessary. While in high school 
and later in college, take part in school activities outside of your particular 
line of study, broaden your education, and learn to make contact with your 
fellow students. Third, you should have imagination or initiative. All 
you learn from your chemistry books or your teachers would not be of any 
use to you if you did not know how to apply your knowledge. Developing 
these characteristics is a little hard, but a real interest ‘in your work and a 
willingness to work will help considerably. 

There are other things your industrial employer will want—for instance, 
loyalty and honesty. To make a good chemist you must have both, and 
naturally no job could be held very long without them. 

If, when you finish your high-school chemistry, you decide you like it so 
well that you want to become a chemist, you should plan to go beyond 
your four-year degree if at all possible. Competition for good jobs has be- 
come keener in late years, and an advanced degree is an advantage, and will 
usually command a higher starting salary. However, graduate work is 
expensive, and comparatively few boys have the means to continue their 
college work beyond the customary four years. Your job later on will just 
be a continuation of your education. If you apply yourself willingly and 
earnestly, keep up with all the new developments in your field, then in a 
very few years what you know will be equivalent to the knowledge learned 
from graduate college courses. 

The question may come to you, “Should I study chemistry, and if I do, 
what are the possibilities when I graduate?” Competition in the produc- 
tion of better merchandise has compelled manufacturers to employ chemists 
to better their products. It would be hard to name an industry of any size 
or consequence which does not in some manner depend on the chemist. 

Chemists are employed as analysts and research workers in the large 
acid and alkali works; as superintendents in metallurgical works in the 
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production of iron and steel and other metals; in explosive and dye works; 
soap works; paper works; gas works; oil refineries; in federal, state, and 
local health bureaus; in manufacturing chemicals and medicines; with 
electrical, telephone, and railroad companies; as inspectors and analysts 
for the Army and Navy; in hospitals; inspectors for all kinds of construc- 
tion work; andin many other ways. The present much better and more 
permanent automobile is the result of the chemist’s work in developing 
better metals used in its manufacture, and the discovery of anti-oxidants 
to preserve rubber tires. So you see the field is large. In other ways also 
chemistry is of value. It widens your mental outlook; it makes you know 
a little about everything you see, thereby developing your power of observa- 
tion. Your courses in qualitative and quantitative chemistry are logical 
and exact, thereby cultivating those same characteristics in you. 

As to compensation, the average chemist just out of college with an A.B. 
or B.S. degree will receive $125.00 to $150.00 a month. As time goes on 
promotions and increases in salary depend first on the development of the 
man and the quality of his work, then on various opportunities that might 
arise in the particular industry in which he is employed. 

Chemistry gives a man a broad education and fits him for executive 
work lateron. His fundamental training, his development, his personality, 
and initiative are allimportant factors toward molding him into a successful 
executive. The disadvantage of the executive, from the chemical stand- 
point, is that he gradually does less and less chemical work, and naturally 
all laboratory manipulation is turned over to assistants. There are, how- 
ever, compensations in other ways. 

Another large field, after your preliminary industrial seasoning is over, 
is research. There is no more fascinating work than bettering something 
we already know, or developing something entirely new. And the field is so 
large, and opportunities so apparent, you need have no fears that every- 
thing will be discovered before you reach the place where you are a research 
chemist. Just think of the progress that has been made in the last few 
years, and you can assure yourself that such progress must go on indefinitely. 

In this little article I have been talking mainly to the boy who is 
interested in chemistry, who wants to study chemistry and who is willing to 
work hard to learn. Do not think that every graduate in chemistry makes 
good, or that every one who does becomes a highly paid executive or re- 
search worker. The promotions and opportunities in industry can be 
likened to the rungs of a ladder. At each new step a few go on, and many 
remain behind, and at the top only comparatively few of those who started 
are present. So when you start your high-school chemistry first be certain 
that you are interested, then determine that you will apply yourself 
to learn your subject. How well you eventually do your part will deter- 
mine at which rung of the ladder you will step off. 














UNIFYING LECTURE, QUIZ, AND LABORATORY SECTIONS IN 
GENERAL CHEMISTRY 


GEorGE G. Town, UNIVERSITY OF WISCONSIN EXTENSION DIVISION, MILWAUKEE, 
WISCONSIN 


The organization of a course in general chemistry should be such that the 
work in the various sections will be comparable. This can be attained through 
the use of a complete syllabus to coérdinate the work of the various quiz sections, 
by having definite objectives in grading the laboratory work of the students and 
by centralizing all grades in such form that ready comparisons may be made of 
the work of the various sections. 


The University of Wisconsin through the Extension Division at Mil- 
waukee has established classes in the courses offered at the university for 
the freshman and sophomore years. At present there are two hundred 
twenty students registered for general chemistry. Two lectures each week 
are attended by the entire group. For quiz and laboratory work the 
students are organized in sections consisting of not more than twenty 
students. Each section has two one-hour quizzes and from four to six 
hours of laboratory work each week. Those students attending laboratory 
four hours each week receive four credits and those attending six hours 
receive five credits for the lecture, quiz, and laboratory work. 

The problem in handling many sections is to give unity to the work 
without interfering with the freedom with which each instructor handles 
the work of the sections under him. With this end in view each instructor 
is made responsible for his sections with the very minimum of supervision. 
The problems that arise are brought up in periodic conferences and discussed 
by the instructors themselves. 

Each student and instructor has a complete syllabus of the course in 
order that the material presented in each quiz section may be uniform. 
The lectures carefully follow the material as it is presented in the syllabus. 
The use of a syllabus as one of the unifying factors serves another purpose 
in that it points out the important parts to the student and aids him in 
preparing for quizzes and examinations. With a syllabus the student may 
use any good general chemistry as a reference. When library facilities 
permit, the lecture may be so presented as to encourage the student to 
consult several reference books. 

The quiz section is designed to allow the student self-expression and is 
relatively informal as compared to the lecture. In the quiz sections the 
individual difficulties and misunderstandings are corrected. In each quiz 
the student is given a brief written quiz to encourage his making daily 
preparation. These quizzes are made out and graded by the instructor. 
The graded written quiz is turned in daily to a clerk in the departmental 
office where it is recorded. 
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FIGURE 1.—HEADING OF INSTRUCTOR’S CARD 


A one-hour examination prepared by the lecturer is given each month 
and the papers corrected by the instructors. In an effort to overcome the 
individual differences in grading, each instructor corrects one question 
in all of the papers. The grades from these papers are recorded by the 
clerk in the office. 

Unifying and estimating laboratory work is one of the difficult problems 
in teaching chemistry. Unity and equality can be obtained only by choos- 
ing definite objectives and in grading the results achieved in terms of those 
objectives. The results of each student’s laboratory work should be graded 
at least twice a month. 

The instructor is furnished with a card that has a column on it for the 
names of all of the students in the section (Figure 1). This card is divided 
into vertical columns in which the instructor may place opposite each name 
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grades may be of value FIGURE 3.—ARRANGEMENT OF STUDENT RECORD SHEETS 
in unifying the various IN NOTEBOOK 


sections and in super- 
vising the work, it was necessary to devise a system of records that would 
be complete and at the same time permit ready comparisons. Figure 2 
shows the student record blank on which the clerk records the grades 
handed in during the month. After recording the monthly examination 
grade the clerk enters the average of the daily quizzes and the average 
laboratory grade in the proper columns. These three grades are averaged 
to determine the monthly grade. 

The student record sheets are assembled in a loose-leaf book with sufficient 
rings to hold all the record sheets of the students in a section. These 
sheets are placed one on the other in alphabetical order with just the names 
showing. The arrangement is shown in Figure 3. A book with one-inch 
rings will hold the records for ten or twelve sections. 

After the monthly grades are entered the students who are not doing 
satisfactory work can be indicated by attaching colored metal clips to their 
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record sheets. These indicators enable the lecturer to determine at a 
glance how many students in each section are not doing satisfactory work. 
This centralization of all grades will enable the lecturer to make any 
comparisons that he may deem advisable in order to offer suggestions to his 
staff. It is especially valuable when the personnel is continually changing 
from year to year and new men of unknown ability and training are added. 


















DISREGARDING. DEPARTMENT FRONTIERS 


L. Paut MILLER, CENTRAL HIGH SCHOOL, SCRANTON, PENNSYLVANIA 







There is no law that only chemistry may be taught in high-school chemistry 
classrooms, or that chemistry may never be mentioned in high-school classes in 
other subjects. The chemistry teacher can connect history of chemistry with 
general history, and the history teacher can refer to contributions of chemists 
toward industrial progress. The chemistry teacher must pay some attention to 
grammatical sins, and the English teacher can to advantage add Dr. Slosson 
to the list of approved authors. Teachers of chemistry and of mathematics, as 
well as teachers of chemistry and vocational subjects, in the high schools can 
also get together with profit. 












One of our biggest problems, and one that proper practices will go far 
toward solving, is that of finding points of contact between high-school 
chemistry teaching and the teaching of other high-school subjects. As an 
important factor in the general scheme of secondary education, chemistry 
cannot afford to isolate itself or to permit other subjects to be isolated. 

All branches of study should be contributing toward the common ob- 
jectives of reorganized secondary education. They can do so, effectively, 
only by recognizing one another’s existence. Even the best organized, 
most self-sufficient high-school chemistry department is only a part of the 
school, and not an independent institution. Other departments, also, are 
merely contributing agencies toward the important general objectives. 
Coéperative efforts can do much to help the pupils realize some of these 
common objectives. 

The high-school chemistry teacher can do much to realize the aims of 
science teaching by adopting methods which totally disregard the traditional 
boundary lines that seem to separate his department from other ones. He 
can also offer urgent invitations to have his own territory invaded by 
teachers of other departments. There appear to be promising present-day 
tendencies toward such coéperation. The advocacy of the theory may 
still be commoner than the practice. But the trend has appeared, which is 
something. 

“Can we not,” asks Dr. Glenn Frank (1), ‘‘provide ways and means for 
carrying on greater interstate commerce of mind across the academic 
frontiers that separate our departments?” 

We can if we will, in the high schools. The colleges, toward which the 
above question was especially directed, have sedulously established and 
maintained the boundary lines. The college-trained high-school teachers 
have erected and fortified imitation frontiers in the high schools. All that 
is now needed is the development.of disdainful disregard for those artificial 
barriers in the high schools, coupled with the working of the ways and means, 
to get the ‘‘interstate commerce of mind’’ moving across the lines. 
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Just as the coérdination of the sciences appeared in practice first in the 
high schools, in the general science courses, so the reciprocity among 
departments may perhaps come into successful operation in the high 
schools long before it does in the colleges. At any rate, the ‘‘greater inter- 
state commerce’ in the high schools is our present concern in the discussion 
regardless of conditions in the colleges. The intelligent high-school teacher 
of today gives evidence of determining his educational practices more 
largely by reference to the needs of his pupils than to the precedents upheld 
by his under-graduate subject-matter instructors. 

It would hardly be the part of wisdom at the present time to advise any 
very radically different administrative arrangement of secondary-school 
curricula and classes. Experience to date in every-day teaching situations 
indicates the advisability of having particular class groups study biology 
in rooms equipped specifically for laboratory work and for demonstrations in 
biology. Definite groups studying physics must report at definite times to 
rooms in which the necessary apparatus is in readiness for use. Chemistry 
classes must meet where supplies are accessible, for the fundamentals in 
chemistry must be learned from chemicals. 

While tried methods, up to now, indicate that these physical conditions 
are needed for the teaching of science subjects, experience has certainly 
not proved either that science matter exclusively must be dealt with in 
these specially equipped rooms or, on the other hand, that science subject 
matter must be absolutely avoided in other high-school classrooms not so 
equipped. 

The chemistry teacher can very profitably connect developments in 
science with general history; may legitimately introduce easily read articles 
in foreign languages that the pupils are studying; must necessarily pay some 
attention to the grammatical and rhetorical sins committed in the oral 
and written efforts of his budding scientists, and cannot possibly avoid, 
even if he tried, the direct and undisguised teaching of mathematics. 

Now, if one tenon of a board is to dovetail properly with a second, the 
second must be so made as to dovetail with the first. The other depart- 
ments must be encouraged to coéperate in a friendly spirit of helpfulness 
with the science department. These seem usually to be ready and willing 
to travel the distance x, and if x and y be equal, little difficulty need be 
experienced in finding place for facts of science history and biography in 
history and English classes, and for problems relating to science subject 
matter in mathematics. 

This discussion can easily be taken out of the realm of theoretical possi- 
bilities. Some instances of actually operative codperation can be offered. 

Several history classes are using, as collateral reading, Williams’ ‘‘History 
of Science’ (2) and numerous single volumes of a popular nature on science, 
history, and biography which have been placed in the school library. 
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The effort is being made by the history and science departments, jointly, to 
present a composite picture of world history and scientific progress. It 
happens that this attempt is being made in classes in the eleventh year. 
Subsequent experiment may indicate that such codperation should start 
earlier. Stress on chronology of events in science history has been experi- 
mented with in general science classes, independently of history classes. 

Little time can be allowed in the crowded schedules of the chemistry 
classes, for science history as such. Important as the latter surely is, it 
must come somewhat incidentally in the science work. History teachers, 
however, can hardly avoid giving the outstanding inventions and discover- 
ies of science prominent positions in the pictures which they paint of world 
progress. They leave the details of science theories and laws, of course, 
to the science teachers. Their province is to show the interactions be- 
tween scientific discoveries and civilization, the scientific causes and effects 
in human progress, and the parallel chronologies of events in science 
history and in general history. 

“The student may be given practice in the use of his foreign languages, 
and at the same time impressed with their usefulness, if he is required to 
look up and report original articles in the literature. His interest in such 
exercises will be all the keener if the paper assigned to him bears the name 
of some distinguished figure in chemical history” (3). 

In October, 1926, the JouRNAL OF CHEMICAL EDUCATION published an 
address by Paul Sabatier, in the original French (4). It dealt in an 
interesting way with the work of Berthelot. Students in the advanced 
French classes, also studying chemistry, translated this address. 

More connections of this sort with foreign languages could be made if 
suitable material were readily obtainable. Introduction of science subject 
matter in language courses can be recommended by science teachers, but can- 
not be accomplished by them. The advisability of using such subject 
matter occasionally must be seen and acted upon by the language teachers 
themselves. Much material of this nature could be made available. It 
would do a great deal to aid in elevating the standards of reading matter in 
language courses. All of us recall having gone through painful transla- 
tions of meaningless tales in language courses. 

Moderate use of easily read material on science topics in the eleventh and 
twelfth years, in modern language study, would be of assistance to the 
many students who are now preparing for scientific courses in the colleges 
and technical schools, and who will there need to do reading in ‘‘scientific’’ 
French and German. These students could easily be differentiated if 
others in the classes objected. The others, then, could continue with the 
fairy tales and somewhat trivial scenarios. 

The chemistry teacher, on the other hand, is blind to innumerable 
opportunities, if he does not make almost daily reference to word deriva- 
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tions and comparative philology. The acquisition of a vocabulary of the 
words used most commonly in science and industry is no small part of the 
science student’s job. We have been told many times not to teach words, 
Merely words, of course not. But words in their scientific relationships, 
decidedly yes. 

Calculations of scores of tests need not be offered to convince any experi- 
enced chemistry teacher that one of the prime difficulties encountered by 
pupils in learning facts in science is the understanding of the words used in 
presenting the facts. The teacher can often drive the meaning of a word 
home by giving the derivation. 

Recent action of the college entrance examination board has encouraged 
the use of science subject matter in the English classes. The board has 
recognized and stated the fact that the reading of essays on science topics 
may have as much value in English literature study as novels and short 
stories. 

Several textbook publishers have taken the next step, and turned out 
most creditable collections of readable science essays. There is no reason- 
able argument against the introduction of such material into the English 
classes. Teachers and pupils alike give evidence of being bored by some 
of the traditional readings in English literature. The science teachers can 
do a notable service by calling the attention of English teachers to suitable 
publications in cases where the latter are not the more wide-awake of the 
two, and have not already put such books in the course. A book of science 
essays (5), which is perhaps typical of what we may look forward to in this 
direction, brings the science and English classes into a most intimate and 
satisfactory relationship. 

Every page in this book is a specimen of carefully written English. 
More, the essays are interesting, and the facts included are significant ones. 
No style for style’s sake. The names of the authors of the essays in the 
table of contents insure both good English and good science. 

Of additional value in a book of this sort are the lists of readings after 
all of the essays. The science books listed are the same ones to which the 
well-informed science teacher refers his class constantly. With content 
such as that, creeping stealthily into the English courses, some splendid 
results may reasonably be expected. Written and oral reports on science 
readings should be given credit, in both English and chemistry. 

The English teacher should not be converted into a teacher of science, of 
course, and need at no time deal directly with the details and intricacies 
of science subject matter. But on the contrary, the science teacher must 
forever be a teacher of English. And he must deal with rather minor 
matters every day, in grammar and rhetoric. 

“The teacher of chemistry should, in common with other teachers, 
combat the apparently all-too-prevalent student notion that English 
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composition is an end in itself, utterly irrelevant to scientific reports, 
examination papers, classroom recitations, and business and personal 
letters” (3). 

Testimony can be offered here that the use by teachers in the science 
department of identically the same rules as those laid down in the English 
department for the preparation of all written reports, tests (other than 
completion or true-false) and final examinations, has resulted in most 
decided improvements in the neatness, legibility, spelling, and grammatical 
form of much of the written work in all science subjects. Credit is given 
toward the student’s grade for observance of rules in English composition 
in all science classes. 

A high-school student may be able to complete all his science courses 
creditably without any historical background, without reading any science 
articles in foreign languages, and even without making use of clear, correct 
and forceful English. These are most desirable, but are not absolutely 
prerequisites for science study. He can avoid use of mathematics through- 
out nearly all of his general science and biological science courses. But if 
he is to master physics and chemistry, he must make liberal use of mathe- 
matics. He does not need to know any advanced mathematics, he does 
not need a lot of mathematical processes poorly learned, but he must have 
a few particular operations well learned. 

There need be no quarrel here between teachers of science and mathe- 
matics. But neither must there be complacent disregard of the existing 
situation. Although the mathematics teacher need teach no physics or 
chemistry, as such, the physical science teachers must, unavoidably, teach 
mathematics. The time used for the latter purpose can be minimized if 
the situation is scientifically handled, through sympathetic codperation 
between departments. 

By giving tests in beginning physics classes, similar to the one published 
by Lohr (6) and tests of a somewhat different nature in beginning chem- 
istry classes, the writer was able to locate very definitely where weak- 
nesses in mathematics existed. Results obtained in the tests were similar 
to Lohr’s. 

The interrelations between science and the vocational subjects must be 
worked out to suit the needs of separate schools. In a high school in 
which there is a course in agriculture, for instance, as well as all of the 
usual sciences courses, the latter should be adjusted to meet the needs of 
the former. Even in the event, as is usually the case, that there are not 
enough students of agriculture to constitute separate science groups, modi- 
fication should be made in the existing courses. Extensive introduction 
of the teaching of agriculture, under provisions of the Smith-Hughes Act 
of 1917, means in a sense an expansion in the field of science teaching. A 
new science subject is coming permanently into the curriculum. 
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What is true of agriculture is likewise true of household arts and artisan 
trades, which have been encouraged by the Smith-Hughes Act. These 
are closely connected in their content with some of the subject matter of 
the usual science courses. 

Health education, likewise, where it has appeared as a separate course 
under one title or another, stresses many applications of principles in 
science. 

These are not conflicts of interests. Unifications are easy to bring 
about. Even though the training of the science teacher may be different 
from that of the teachers of applied science subjects, all have many inter- 
ests in common. 

Teachers of applied science subjects are invited, on occasion, to meet 
with the chemistry department, in a modern school, and outline the work 
they are doing. They are asked to recommend ways in which the chem- 
istry teachers can help most in driving home essential principles. Such 
conferences ordinarily result in all, or some, of the following modifications: 

(1) More stress is placed on chemistry principles upon which applied 
science teachers build applications. 

(2) Less stress is placed upon practical applications in chemistry classes 
and needless duplication is thus avoided (as work on foods in health educa- ° 
tion classes). 

(3) The order of topics in chemistry classes is altered, so that certain 
fundamentals may be taught before the applications come up in other 
classes. 

(4) Where alterations in chemistry courses are inadvisable, due to 
logical organization, the alterations are attempted in the other courses. 
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USELESS CHEMICAL KNOWLEDGE 


WILLIAM M.. DEHN, UNIVERSITY OF WASHINGTON, SEATTLE, WASHINGTON 


Pure knowable chemical knowledge is so vast that, if acquired, it could not 
be recorded and a place for all of it in books could not be found in the solar 
system. Only basic and applied chemical facts are of value. 


Because the literature of chemistry has increased in volume so that no 
one can even glance through all of its pages and no one can read or learn 
more than a small percentage, or more than a small fraction of a per cent. 
of its mass, it becomes of interest and profit to make certain separations of 
knowable chemistry which all will admit is useless, from the smaller part 
which is useful or is otherwise of basic theoretical importance. 

As an illustration of knowable but useless chemical knowledge, we can 
select from the hundreds of organic series one fundamental structure which 
can yield an enormous number of homologs and isomers. For example, let 
us consider triphenylmethane as the starting material and let us, theoreti- 
cally, prepare all of its R-substituted derivatives, of which only fourteen 
compounds have been prepared prior to 1920. 

If R is substituted for one to fifteen hydrogen atoms in the rings, espe- 
cially if the attachments to the rings of the respective R’s yield asymmetrical 
carbon atoms, and if each ring is made unsymmetrical and unlike, thus 
making the methane carbon atom unsymmetrical, the number of homo- 
logs and isomers will be enormous. For example, if the ortho positions in 
the rings constantly hold hydrogen, methyl, and ethyl, respectively, and the 
other twelve positions are substituted by R’s then, when R can equal any of 
ten different alkyl groups containing more than two atoms of carbon, it can 
be calculated that more than eight quadrillion compounds are possible. 

Let us assume that only one quadrillion compounds are formed when ten 
R’s are used. The basic principles of the science indicate that any one of 
these compounds, hence every one could be prepared and most of their 
properties can now be predicted. If they were to be prepared, here is ma- 
terial for a million annual doctor’s theses for a million years. 

Assuming that a quadrillion compounds were prepared and each were 
described on only one page, 12 X 12 inches, in books containing 1000 pages 
to one inch of thickness and also assuming that the books were packed in 
line, then their length would be equal to 627 great circles of the earth. 

At the rate of 42 miles a day, it would require more than 1000 years to 
walk past a linear mass of these books. Merely to think of each of the 
compounds, at the rate of one per second during 24 hours of the day, 
chemists would require a grand total of 31,000,000 years. 

The average cost of research necessary to manufacture analytical masses 
of these compounds would exceed $100 per compound and the average cost 
per page of books would exceed $1. The aggregate cost to prepare and de- 
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scribe the quadrillion compounds would be many times greater than the 
all-time wealth of man. Hence it is visionary and impracticable to at- 
tempt to acquire all this mass of knowable and pure science. Indeed, the 
great bulk of this knowledge is absolutely useless. 

However, if this is not convincing, let us consider other R-substituted 
derivatives of triphenylmethane. Chemists can easily conceive and depict 
100 or 1000 different alkyl groups, therefore values of 100" and 1000" are 
obtainable. On the basis of 100'*, enough books could be imagined to fill 
more than 2112volumes of theearth. There is, therefore, in the solar system 
no safe abiding place for all these books. 

The 1000" value would supply enough books to fill the volumes of bil- 
lions of stars. 


‘Be admonished: of making many books there 1s no end.” 


However, since we are considering only one type of compound of one 
series (Series No. 487), it must be admitted by organic chemists that all 
possible homologs and isomers of all series on single pages in books would 
fill the space of the universe, provided astronomers will set some limit to 
space. 

Needless to say, no such monopoly by a division of one science would be 
tolerated by our colleagues of the sciences and arts who, in their compila- 
tions, correlations, and controversies concerning these compounds, could 
increase the pages of literature many fold. The conclusion is inevitable— 
all pure science is not useful. 

Though most scientists recognize that knowable knowledge is divided 
into the useful, the basic, and the useless, nevertheless all scientific litera- 
ture contains a preponderating mass of perfectly useless knowledge and the 
percentage of the useless becomes larger as theories, bolstered by observa- 
tions and experiments, become obsolete. As only a column or a monument 
here and a temple there survive from the wreckage of past civilizations, so, 
much of the product of science is of relatively little permanency and value. 

The tide of new knowledge, in some 30,000 journals, flows in many times 
a year to inundate, stifle, and chill that which we seriously or facetiously 
term our scholarship and there are no indications that the flood will ever 
cease. And what is to be done? 

Here are admitted underlying conditions—the volume of knowable 
knowledge is infinite and the money available for research is very limited. 
On the one hand, it must be remembered that our present mingled mass of 
useless and useful knowledge has been acqitired at great expenditure of 
money and man power, and, on the other hand, it must be remembered 
that the economic value of some of the acquired useful knowledge has ex- 
ceeded many fold the all-time costs of the laboratories of the world. Never- 
theless, it must be recognized that some of the studies undertaken by our 
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scientists, though seemingly interesting and worth while, have proved to 
be only so interesting and worth while as working out crossword puzzles. 

Usually scientists in universities have been permitted to pursue research 
along any line that fancy leads. And great have been the results achieved. 

Also in the past it was thought that the productive research worker was 
possessed of special talents, and that the light of research was so rare, so 
feeble, or so intermittent that every encouragement must be given to keep 
it burning. The army of present-day successful research workers demon- 
strates that our chemical education can develop unlimited research workers. 

During the past century the laboratories of universities produced sub- 
stantially all of the new theoretical and applied chemistry. During the 
past thirty years, industry itself has taken over most of the practical and 
some of the theoretical development of the sciences. The universities are 
thus engaging, less and less, in the development of useful chemical knowl- 
edge. Today the necessity of practical research has developed a condi- 
tion of the most highly competitive effort of the human mind; and that 
scientist, or that university or that industry whose research is not prac- 
tically organized, directed, and pursued will be ‘‘lost in shallows and in 
water.” 

Viewed in a practical manner, it can be concluded that only creative 
chemistry, that is, chemistry that contributes to the betterment of industry 
and civilization is worth while and this portion of knowable chemistry itself 
is so large that its exhaustive exploitation does not seem to be possible. 

As long as money available for research is limited, and it will always be 
less than is desired, it seems that administrative officers of universities 
would insist that such money be spent for products which are worth while. 
Advocacy of this principle, however, may be termed academic heresy. 
However, is it not true that we must often fail or acquire negative data or 
produce that which is of little or no value, and if it is dignified on the printed 
page, the rest of the University staff—without reading it—evaluates it as 
research? 
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H. W. HAnsEN, Tart UNION HiGH ScHooLt & JUNIOR COLLEGE, TAFT, CALIFORNIA 


The method followed by high-school teachers of Oakland, California, in 
evaluating and securing material for use in projects is described. A list with 
comments indicating relative values of items is attached. 


The chemistry teachers of the public high schools of Oakland, Cali- 
fornia, tend to stress project work in the second semester. In working out 
projects students have written to various industrial firms, obtaining pam- 
phlets, wall charts, samples of products, etc. 

The making of a new course of study offered an opportunity to systema- 
tize this work. Teachers felt that better results would be obtained if this 
source material was available and on hand in the classroom ahead of time, 
filed in pamphlet cases. The attached list is a record of the final result, 
now in use in the various high schools. 

From time to time, lists of firms have been published. The main defects 
of these are, first, obsolescence, and second, lack of evaluation of items. 

We first sent out over three hundred letters, asking the codperation of 
industry in the task. The addresses of these firms were secured from the 
advertising pages of current technical and popular magazines. A flood 
of material was the result, upward of a thousand items being sent to us. 

This wealth of material forced a process of elimination. Two members 
of the committee first rejected all material which was obviously not usable. 
The remainder was then classified by three other members, who cut the 
volume of material again in half. Many items were rejected because 
they were too advanced in treatment to be suitable for high-school use. 

Most of the items were pamphlets, whose titles were placed in quotation 
marks. “Sheet Iron—A Primer’ was found to be so far superior to the 
textbook treatment that we asked for, and obtained, 600 copies, so that 
each of the eight high schools could use it as a supplementary text. 

Where material was desired for project work only, four copies per school 
were furnished. 


Material Superior to Textbook Treatment, to Be Used in All Classes 


Address Material Notes 

Central Alloy Steel Co. “‘Sheet Iron—A Primer” A very good elementary 
Dept. 39 treatise on production 
Massillon, Ohio : of sheet steel from the 
ore to finished product. 
Goodyear Rubber Co. “The Story of Goodyear,” Valuable description of 
Akron, Ohio Dec., 1926, issue of process of manufactur- 
“Goodyear News” ing tires and other 

rubber goods. 
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Material Superior to Textbook Treatment, for Class Use When Desired 


Address 

Aluminum Goods Mfg. 
Co. 

Manitowoc, Wisconsin 

American Gas Association 

420 Lexington Ave. 

New York, N. Y. 

American Rolling Mill 
Co: 

Middletown, Ohio 

American Sheet & Tin 
Plate Company 

Frick Building 

Pittsburgh, Pa. 

Atlas Portland Cement 
Co. 

25 Broadway 

New York, N. Y. 

International Nickel Co. 

67 Wall St. 

New York, N. Y. 

Texas Gulf Sulfur Co. 

41 East 42nd St. 

New York, N. Y. 

Udylite Process Co. 

3220 Bellevue Ave. 

Detroit, Mich. 

U. S. Industrial Alcohol 
Co. 

110 West 42nd Street 

New York, N. Y. 


Material 
“Making the Mirro Co- 
lonial Tea Kettle” 


“Gas—Manufactured and 
Natural”’ 


“The Development and 
Service of Armco Ingot 
Iron” 

“The Evolution of a Tin 
Can” 


“The Manufacture of 
Portland Cement”’ 


“Where Monel Metal 
Shines” 
“Mining of Sulfur” 


“Udylite”’ 


Chart 


Notes 


Includes polished speci- 
men of Monel metal 
useful as a mirror. 


Shows uses of alcohol. 


Exhibit Material (one set per school or classroom) 
Notes 
A rust-resistant alloy of 
iron and ferro-chrome. 


Address 
Allegheny Steel Co. 
Brackenridge, Pa. 
American Bauxite Co. 
Pittsburgh, Pa. 

American Hard Rubber 
Co. 

11 Mercer Street 

New York, N. Y. 

E. I. du Pont de Nemours 
& Company 

Chemical Products Divi- 
sion 

Parlin, N. J. 

Hammer Dry Plate Co. 

Ohio Ave. and Miami St. 

St. Louis, Mo. 


Material 
Allegheny Metal 


Aluminum ores and alu- 
minum 
“The Making of Aceé 
Combs” 


Set of glass-stoppered bot- 
tles 


Photographs 


Shows steps in manufac- 
ture of ebonite 
combs. 


Illustrates manufacture 
of Duco from linters. 


Shows various grades and 
surfaces of developing 
out paper. 
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Address Material Notes 

Newark Wire Cloth Co. Samples wire cloth 50 to 200 mesh of copper, 

Newark, N. J. brass, nickel, bronze, 


Pittsburgh Plate Glass 
Co. 

Advertising Dept. 

1618 Frick Bldg. 

Pittsburgh, Pa. 

Powhatan Mining Corp. 

Woodlawn, Baltimore, 
Md. 

Procter & Gamble 

Educational Dept. 

Cincinnati, Ohio 


Tubize Artificial Silk Co. 
of America 

303 Fifth Ave. 

New York, N. Y. 

United States 
Co. 

300 West Adams St. 

Chicago, II. 

Worcester Salt Co. 

71 and 73 Murray Street 

New York, N. Y. 


Gypsum 


Three pieces plate glass 
ingredients, weight four 
pounds 


Samples of crude and fin- 
ished asbestos 


“Dr. Bonser’s Chart”’ 


Sample hanks of ‘‘Tubize”’ 


Samples gypsum _ wall 
board and _ insulating 
materials 


Bottles of salt 


and Monel metal. 
Furnished gratis, recipi- 
ent to pay postage. 


Heavy cardboard pic- 
tures, showing ingre- 
dients and manufac- 
ture of Ivory soap. 

A Chardonnet process 
rayon. 


Shows various stages of 
purification. 


Selected References, for Class Reports by Individuals 


Address 

Aluminum Bronze Manu- 

factures Institute 
810 Eighteenth Street 
Washington, D. C. 
Aluminum Co. of America 
Pittsburgh, Pa. 
Aluminum Cooking Uten- 

sil Co. 

New Kensington, Pa. 
American - LaFrance & 
Foamite Corporation 

Elmira, N. Y. 

American - LaFrance & 
Foamite Corporation 

Utica, N. Y. 

American Rolling Mill 
Co. 

Middletown, Ohio 

American Solvents & 


Chemical Corporation 
New York, N. Y. 


Material 
“Technical Information on 
Aluminum Bronze’”’ 


“Strong Aluminum Alloys” 


“The Aluminum Age”’ 


“Dipping Dangers”’ 

“Correct Protection 
against Fire” 

“Suggestions for Conduct- 
ing Foamite Demonstra- 
tion” 

“The Story of Armco” 


Industrial Alcohol and 


Solvents 


Notes 
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Address 
American Doucil Co. 
Philadelphia, Pa. 
Armour Fertilizer Works 
111 W. Jackson Blvd. 
Chicago, Ill. 
Armstrong Cork Co. 
Pittsburgh, Pa. 

Baker & Co., Inc. 
54 Austin Street 
Newark, N. J. 


Barnstead Still & Steril- 
izer Company 
2 Lanesville Terrace 


Forest Hills, Boston, Mass. 


Bureau of Mines 
Washington, D. C. 


Calif. & Hawaiian Sugar 
Refining Corporation 

Matson Bldg. 

215 Market Street 

San Francisco, Calif. 

Calorizing Company 

Pittsburgh, Pa. 

Calumet Baking Powder 
Co. 

Chicago, IIl. 


Celite Products Co. 
1320 S. Hope Street 
Los Angeles, Calif. 


Celotex Company 
645 N. Michigan Ave. 
Chicago, II. 


Material 
“‘Doucil’”’ 


“Through a Modern Fer- 
tilizer Plant”’ 


Cork—Its Origin and Uses 


“Fine Wires” 

“Platinum as a Catalyst” 

“Data Concerning Plati- 
num’”’ 

‘The Alchemistic Symbols” 

“The Platinum Metals and 
Their Alloys” 

“Mirror Silvering and 
Barnstead Stills’”’ 


“Publications of the Bu- 
reau of Mines” 

‘Index of Bureau of Mines 
Publications” 

“Something about Sugar”’ 

“Manufacture of Refined 
Cane Sugar”’ 


“Calite Alloys’’ 

“S$ AVSo" 

“The Romance of Baking 
Powder”’ 


“Aluminum & Phosphates 
in Foods” 


“‘Needs of the Body” 
“Celite’’ for Concrete 
“‘Celite Filter-Aids”’ 

“Vear Round Comfort and 


Fuel Saving for Every 
Home” 
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Notes 


Is sodium aluminum sul- 
fate alum? 

What acid should be used 
in baking powders? 
Pictures of foods which 
contain above, as car- 
rots, cherries, bananas, 

etc. 

It has never been proved 
that aluminum salts are 
injurious to the body. 

Kieselguhr, mixed in 
small quantities, im- 
proves concrete. 

Use of kieselguhr to aid 
large-scale filtration. 

Shows use of building 
board and heat insula- 
tion made from bagasse. 
Should be discussed in 
connection with sugars 
and cellulose. 





Address 


Commercial Solvents 
Corp. 

Terre Haute, Ind. 

Continental Fiber Co. 

Newark, Del. 


Crucible Steel Co. of 
America 

17 West 42nd Street 

New York, N. Y. 

Darco Corporation 

Wilmington, Del. 

Diamond Alkali Co. 

Pittsburgh, Pa. 

Dow Chemical Company 

Midland, Mich. 


Du Pont Viscoloid Co., 
Inc. 

Arlington, N. J. 

E. I. du Pont de Nemours 
and Company, Inc. 

Chemical Products Divi- 
sion 

Parlin, N. J. 

Duralog Company 

Pittsburgh, Pa. 

Eagle-Picher Lead Co. 

134 North LaSalle St. 

Chicago, Il. 


Material 
“Application of Celotex 
Standard Building and 

Celotex Lath”’ 
Set of reprints from Indus- 
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trial and Engineering 


Chemistry 
“Vulcanized Fiber” 


Catalog 


“Laboratory Manual’”’ 


“Diamond Alkali Hand- 
book’”’ 

“Calcium Chloride for Re- 
frigeration”’ 

“The Chlorides of Carbon 
as Solvents” 

“How to Apply Dowflake”’ 


“How to Control Dust”’ 


‘‘How to Cure Concrete”’ 


“Magnesium and Its Alloys’ 
“How to Maintain Roads”’ 


“Dow Salicylates”’ 


“Du Pont Pyralin—Its 
Manufacture and Use”’ 


“Clear and Colored 
Finishes” 


Leaflets on Chrome Iron 
Alloys 

“Fighting Rust with Sub- 
limed Blue Lead” ~ 


“Zine Ore” 
‘‘Lead Ore’”’ 
“The Farmer’s Eagle’’ 


, 








JUNE, 1932 


Notes 


On lacquers and solvents 
used in them. 


Fiber is made by treating 
cotton rag paper with 
acid. 


Instructions for use of cal- 
cium chloride on roads. 

Use of calcium chloride 
on dirt roads. 

Calcium chloride is added 
to concrete to hasten 
curing and insure 
strength of concrete. 


Use of calcium chloride 
to keep roads moist. 
Use of salts of salicylic 

acid in pharmacy. 


Colored, illustrated 
brochure on manufac- 
ture and use of py- 
roxylin lacquers. 


On corrosion of steel and 
its prevention. 

Flow sheet or tree. 

Flow sheet or lead tree. 

Shows manufacture and 

use of white lead in 

paint. 
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Address 
Ethyl Gasoline Corp. 
25 Broadway 
New York, N. Y. 
General Electric Co. 
Schenectady, N. Y. 


Gevaert Co. of America 
423-439 West 55th St. 
New York, N. Y. 
Hammer Dry Plate Co. 
St. Louis, Mo. 


Hercules Powder Co., Inc. 
Wilmington, Del. 


Hoyt Metal Company 

St. Louis, Mo. 

Hynson, Westcott, and 
Dunning 

Baltimore, Md. 

International Nickel Co. 

67 Wall Street 

New York, N. Y. 

International Oxygen Co. 


Newark, N. J. 


International Oxygen Co., 


Newark, N. J. 


Jaques Manufacturing 
Co. 

Chicago, IIl. 

La Motte Chemical Prod- 
ucts Company 

Baltimore, Md. 

Libby-Owens Glass Co. 

Toledo, Ohio 

Linde Air Products Co. 

Technical Publicity Dept. 

30 East 42nd Street 

New York, N. Y. 


Material 
“Information about Ethyl 
Gasoline”’ 


“Fused Quartz” 


“Ronix, Self-Toning—The 
Amateur Paper” 


‘‘Hammer’s Little Book”’ 


“Nitro-cellulose—Its Prop- 
erties and Uses’”’ 

“Dynamite—T he New 
Aladdin’s Lamp” 


“Hercules Dynamite on the 
Farm” 


“Babbitt Metal Data’’ 
Descriptive 


“‘Physician’s 
Price List” 


“Nickel (Inco Nickel)” 


“Nickel’’—a reprint 


“The Electrolytic Method 
of Hydrogen Production” 

“Knowles Patent Electro- 
lytic Cells for Producing 
Pure Hydrogen and 
Oxygen” 

‘Hydrogen for Hydrogena- 
tion of Oils” 

“The Manufacture of 
Oxygen” 

Leaflet on “Ingredients of 
Baking Powders” 


“The ABC of Hydrogen- 


Ion Control’’ 


“Flat Glass and Libby- 
Owens” 

““Oxy-Acetylene 
and Cutting” 


Welding 
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Notes 


Extremely reliable, well 
illustrated, on high- 
grade paper. 


Formulas and notes used 
in making photo- 
graphic negatives. 


Canals, railroads, and 
roads are possible be- 
cause of widespread 
use of dynamite. 

Shows peace uses of ex- 
plosives, instead of war 
uses. 


Composition of  mer- 
curochrome and simi- 
lar substances. 


By A. Edgar Knowles. 
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Address 
Matheson Company 
North Bergen, N. J. 
Mellon Institute 
Pittsburgh, Pa. 


Minnesota Steel Co. 
Morgon Park 

Duluth, Minnesota 
Parker Rust-Proof Co. 
Detroit, Mich. 


Philadelphia Quartz Co. 
Philadelphia, Pa. 


Pittsburgh Electric Fur- 
nace Corporation 
Pittsburgh, Pa. 


Pittsburgh Plate Glass Co. 


1618 Frick Bldg. 

Pittsburgh, Pa. 

Portland Cement Co. 

210 South LaSalle St. 

Chicago, Ill. 

The Protane Corporation 

Erie, Pa. 

Republic Flow Meters 
Co. 

Chicago, Ill. 


Royal Baking Powder Co. 
100 East 42nd Street 
New York, N. Y. 


Semet-Solvay Engineer- 
ing Corporation 

40 Rector Street 

New York, N. Y. 


Material 
“Lecture Experiments with 
Common Gases’’ 
“Smoke Abatement, Its 
Effects and Limitations” 
‘American Industrial Prog- 
ress through Scientific 
Research” 
“Cellulose Sausage Casings”’ 
“How Steel and Steel Wire 
Products Are Made’”’ 


‘Parker 
Process” 


Rust - Proofing 


“Silicates of Soda in Wash- 
ing Processes” 

“Silicates of Soda—Grades 
and Uses” 

“Silicates of Soda in Soap 
Making”’ 

“Silicate of Soda Cements” 

“Egg Preserving’ 

“‘Silicates of Soda and Con- 
crete”’ 

“Lectromelt”’ 


“The Making and Use of 
Plate Glass”’ 


“Picturing the Manufac- 
ture of Cement” 

‘Sewage Treatment Plants”’ 

“The Story of Protane 
Bottled Gas” 

“Steel and Its Heat Treat- 
ment’”’ 

‘‘Heavy Clay Products and 
Their Manufacture” 

“From a Historic Corner of 
Southern Europe”’ 

“Baking Powders, Classifi- 
cation and Ingredients” 

Laboratory Experiment on 
Baking Powders 

“‘Carburetted Water Gas 


JUNE, 1932 


Notes 


‘“‘Parkerizing”’ is a process 
of rust-proofing by 
forming insoluble 
phosphates on surface 
of metal, usually iron. 


Beautiful illustrated 
catalog on electric arc 
furnaces. 
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Address 

Sharples Solvents Corp. 
23rd and Westmoreland 

Sts. 
Philadelphia, Pa. 
Strathmore Paper Co. 
Advertising Department 
Mittineague, Mass. 
Texas Gulf Sulfur Co. 
41 East Forty Second St. 
New York, N. Y. 


United States Rubber Co. 
1790 Broadway 
New York, N. Y. 


Universal Portland Ce- 
ment Company 

210 South LaSalle Street 

Chicago, IIl. 

United States Steel Corp. 

Bureau of Safety, Sanita- 
tion, and Welfare 

71 Broadway 

New York, N. Y. 

U. S. Industrial Alcohol 
Co. 

110 East 42nd Street 

New York, N. Y. 

U. S. Industrial Chemical 
Company 

New York, N. Y. 

USL Battery Corporation 

Niagara Falls, N. Y. 

Vanadium Corp. of 
America 

120 Broadway 

New York, N. Y. 
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Material Notes 


‘‘Pentasol and Pent-Ace- 


tate”’ 


‘‘Making Strathmore Pa- 


per” 


“Sulfur in World Trade” 
“Some Facts about Sulfur’’ 
‘Sulfurized Pulp and Paper 


Products 

“Mining of Sulfur” 

“Big Hill Salt Dome, Mata- 
gorda Company, Texas”’ 

“Sulfur, an Industrial Ne- 
cessity”’ 

Chart—‘‘Ideal Section of 
Sulfur-Salt Dome’”’ 

“Gulf Coast Sulfur De- 
posits’’ 

“The Sulfur Factor in Acid 
Phosphate” 

‘Marketing of Sulfur’ 

Picture of ‘‘Frasch Method 
of Obtaining Sulfur’ 

“The Romance of Rubber” 

“How U. S. Rubber Goods F 
Are Made”’ 


Materials and pre- 
liminary processes. 
2. The making of tires. 
‘“‘Powdering and Burning a 
Mountain” 


“The Story of Steel’ 


“Alcohol for Industrial 
Purposes”’ 


*‘Solvents”’ 


“Battery Troubles” Diagnosis and treatment. 


‘Normalized Steel” 
“Association News,’ Jan., 
1928 ~ 











Address 


Western Precipitation 
Co. 

Los Angeles, Calif. 

Wheeling Steel Corp. 

Wheeling, West Virginia 


Wm. Zinsser & Company 
516 West 59th St. 
New York City 


Zeolite Chemical Com- 
pany 

140 Cedar Street 

New York City 
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Material 

“Specifications for Vana- 
dium Steel’ 

“Vanadium Steel Shows 
Strength” 

‘Manufacturers Research 
Broadens Use of Alloy 
Steels” 

“Alloy Steel Reduces 
Weight of Locomotive 
Parts” 

“The Technical Chemistry 
of Vanadium” 

AS Src k. Handbook, 
Section F, Vanadium 
Steels 

“Electrical Precipitation of 
Suspended Particles from 
Gases’”’ 

“From Mine to Market” 


“‘Cop-R-Loy”’ 


“Shellac and Its Uses”’ 
“The Story of Shellac’ 
“How Shellac Is Made” 


“Green Sand” 
“Softening Municipal 
Water Supplies”’ 





JUNE, 1932 


Notes 


An extremely well-illus- 
trated book, paper cov- 
ered, on manufacture 
of steel. 

The use of copper in 
steel to prevent cor- 
rosion. 

Oct., 1924, issue of ‘‘Bulls 
Eye,”’ house-organ. 








> <a 


one. SS SO 


a 








lus- 


‘OV- 
ure 








PRESENTATION OF SECOND LAW THEORY. II.* 
PROOF OF THE SECOND LAW FOR SYSTEMS 
COMPOSED OF PERFECT GASES 


T. H. HAZLEHURST, JR., LEHIGH UNIVERSITY, BETHLEHEM, PENNSYLVANIA 


A 


The purpose of this article is to show that the complete Second Law relation- 

ship 
AS 2 0 

may be obtained for a system of perfect gases without the use of any of the 
“principles” from which the law is usually derived. The basic assumptions 
are (1) the First Law, (2) the defining equations of a perfect gas, and (3) that 
portion of mechanics which 1s usually assumed in thermodynamics, that is, the 
portion which indicates that the work done by an expanding gas is given by 


dw = pdv. 


Definition of Entropy* 
A perfect gas is defined by the equations 
pv = RT; E = const. X T. 
These equations are valid for one gram-molecular weight of the gas. The 


constant of the energy equation is obviously C,, the molal heat capacity 
of the gas at constant volume. Thus for a perfect gas: 


pdv = RT dlnv; dE = CAT. 
Using the First Law in the form 

bg = dE + bw = dE + pdv** 
and substituting the values of the quantities on the right, 

6g = CdT + RT din». 
Now although 6g is not a perfect differential it may evidently be trans- 
formed into one by the multiplying factor 1/7, since 
8q/T = CaT/T + R dv/v 

and the right side is a perfect differential because 

d/dv(C,/T) = 0 = d/dT(R/2). 


Hence 5q¢/T defines the differential of a point function, S, which may be 
named entropy. 


Change in S during Reversible Changes of State 


Consider a perfect gas passing reversibly from state A to state B along 

any fixed path. Entropy having been defined to the extent of an additive 
* Cf. HazLenurst, J. CHEM. Epuc., 8, 498 (March, 1931). 

** The substitution of pdv for éw automatically assumes that the only work done is 

mechanical work of expansion. Electrical, magnetic, surface, and chemical forces are 

ignored on the ground that they are essentially foreign to the motion of a perfect gas. 


1087 














1088 





JOURNAL OF CHEMICAL EDUCATION JUNE, 1932 


constant in the previous section, we may represent the momentary state of 
the system by a point in a temperature-entropy diagram, values of entropy 
being assigned relative to an arbitrary standard state. (See Figure 1,) 
Suppose the path representing the given change of state in this diagram to 
be AEFB. Subdivide this path into many small portions and let the rth 
subdivision be represented by the arc, EF, during the traversal of which 
the gas will do a quantity of work 6w, and absorb from its surroundings a 
quantity of heat 6g;. Through each point of division draw the correspond- 
ing isothermal and adiabatic of the gas. It is evident that adiabatics, 
being defined as paths along which 6g = 0, must be identical with isen- 
tropics along which dS = 0, 
The required isothermals 
and adiabatics will then be, 
as drawn, segments of hori- 
zontal and vertical lines, 


B respectively. 
ts Now let us replace the 
é original path by another 

formed of the mutually in- 


tersected portions of the 
isentropics and isothermals. 
For example, replace the 
arc, EF, by the _ broken 
line, EGF. Let the heat 
which would be absorbed 
by the gas in traversing 
EG be 6g,. Of course there 
would be no heat exchanged 
with the surroundings dur- 
ing the traversal of GF. 
In this way each arc of the 
original cycle is replaced 
by a broken line along the 
isothermal segment of which heat is absorbed. It is evident that, in 
general, the heat taken in as the gas moves through the states E to F via 
EF will be different from that taken in as it moves from E to F via EGF, 
that is, 6g,~6g,. In fact, these quantities of heat are, respectively, 




















£’ * a 
FIGuRE 1 


F G 
STdS and fTdS 
E E 


and these are equal to the areas, EFF’E’ and EGF’E’, respectively. The 
difference is the triangular area, EFG. But, as the points of division be- 
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come more and more numerous and closer and closer together, it is obvious 
that, 


EF — 0, 

sia bq, -- EG X (EE’ + GF/2) + 0, 
bq,’ > EG X EE’ — 0, 

and 
5g, — 89,» EG X GF/2—> 0 X 0, 


so that the difference between the two quantities of heat is an infinitesimal 
of the second order while the quantities themselves are infinitesimals of the 
first order only. Consequently, in the limit, when these points of sub- 
division are infinitely close together, the difference between the areas under 
the two cycles becomes zero and 6q, = 5q,. The same is naturally true of 
the corresponding quantities of work since in the reversible cycle EFG the 
total work done must equal the total heat taken in, which is zero. 

Of these two thermodynamically identical paths, the one represented by 
the smooth curve, AEFG, and the other by a very large number of very 
small isothermal and isentropic steps, the latter is the more convenient for 
the present purpose since it has the advantage of allowing the heat takea 
in at each step to be absorbed isothermally. If we suppose the heat to be 
furnished by, say, a perfect gas confined in a cylinder closed by a piston so 
that the heat may be furnished the working gas by compressien of the 
reservoir gas, then, during any infinitesimal step of the path the change in 
entropy of the working gas is 6q,/7, and that of the reservoir gas is 
—6éq,/T,. Thus the total change of entropy at each infinitesimal step is 
zero and the same must be true of the total succession of such steps from 
Ato B. Therefore in any arbitrary change of state the total change in 
entropy is zero, provided the change of state be reversible. 


Change in S during Irreversible Changes of State 


It is instructive to examine the mathematical significance of reversibility 
and irreversibility. From the physical point of view reversibility is 
characterized by uniformity of parameter values throughout the system. 
For example, temperature, pressure, and density are nowhere more than 
infinitesimally different from their equilibrium or macroscopic values. 
This means that, during a reversible change of state, the system passes 
through a succession of states of equilibrium. If at any moment the 
reversible passage of the system from state A to state B is brought to a 
complete stop, no further observable alteration of the determining vari- 
ables, say p, T, will occur during a finite period of time, and the state of the 
system may be represented by a point in the p-7 diagram. Similarly, if the 
process were stopped at any other moment it would be discovered that at 
that instant also the system was in a state completely determined by the 
same variables used to define the.state of the system when at rest. In this 
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series the states merge imperceptibly into one another and the representa- 
tive points form a mathematically continuous sequence, a curve. Mathe- 
matically, then, reversibility is characterized by the fact that the state of 
the system is at all times a function of the ” variables representing the n 
degrees of freedom of the system when it is in static equilibrium. 

Irreversibility may be identically defined as the aggregate of properties 
characteristic of changes of state which are not reversible. In particular 
the values of the “‘static determining variables” are at any instant different 
for different points in the system. If the passage of the system from state 
' A to state B is arrested at a particular instant the finite variations in 
' temperature, pressure, and density throughout the system require a finite 
time to become ironed out into uniform equilibrium values. Thus, al- 
though the arrested system finally attains a state of equilibrium capable of 
definition in terms of, say, two variables, yet at the initial instant at which 
the irreversible process was arrested the two variables were multiple- 
valued. In order at that moment to define the state completely it would 
be necessary to know the values of T and # not only at any one point but at 
all points: the number of defining variables is very large. The state could 
not be represented by a point in a two-dimensional diagram; it is no longer 
a function of two variables; and the whole process cannot be represented 
by a continuous curve as it was in the case of reversibility. 

Nor can the process be represented, as might be supposed, by the series of 
equilibrium states which could be obtained by taking a very large number 
of identically similar systems simultaneously under identical irreversible 
conditions from state A toward state B and arresting them one at a time 
at the end of successive short time intervals. It is true that in this way, 
from any given irreversible process, a corresponding reversible process 
could be uniquely derived, but the converse is not true; for, to any given 
reversible process, a very large number of irreversible processes might 
conceivably correspond. Hence an analysis of the reversible process 
atrived at in this way would give only ambiguous information concerning 
the irreversible process. Mathematically, the state of the system con- 
sidered as a function of two variables does not exist. We conclude that the 
mathematical distinction between reversibility and irreversibility is that, 
in the case of the former, the state of the system is a (continuous) function 
of two variables, whereas, in that of the latter, the state of the system is not 
definable in terms of two variables. 

Applying this idea to the defining equation for a change in entropy 


dS = iq/T, 


it is evident that this relationship which is universally valid for reversible 
changes in a system of perfect gases is true for only the first infinitesimal 
step of an irreversible process. During the first step the temperature will 
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change only infinitesimally and so there will still be a value of 7‘ applicable 
to the whole system. But it is essentially characteristic of irreversibility 
that succeeding steps occur so rapidly that the inequalities of temperature 
(and pressure), initially very small, have no time to be ironed out before 
new ones arise, so that in a short time finite variations in temperature (and 
pressure) exist. In such a case it is obviously impossible to assign a value 
of T (or p) to the whole system. The symbol 6g/T becomes meaningless. 
Of course S is still a point function; its value when the system has finally 
reached state B is the same regardless of what sort of changes the system 
has suffered in its passage from Ato B. The change in entropy Sp — S, 
is likewise independent of the process. It is only the right-hand member 
of the above equation, 6g/7, which has altered its significance. 

We seek an expression which shall take the place of 6q/T for irreversible 
as well as reversible changes of state. In order to make the problem more 
amenable to treatment, consider all the heat gained or lost by the system 
to be exchanged with a (perfect gas) heat reservoir of fixed temperature T°. 
Further, choose one particular spot on the surface of the system, a spot so 
small that 7 may be considered constant all over it, and let the heat be 
transferred to the system from the reservoir by means of a perfect gas 
“carrier” performing reversible Carnot cycles. Suppose the lower tempera- 
ture of each cycle to be the momentary temperature of the selected element 
of the system. By this arrangement the heat exchange with the surround- 
ings is made reversible; all irreversibility of heat exchange occurs within the 
system during the equalization of temperature which is constantly taking 
place. This does not really limit the generality of the proceeding, for we 
may use as the locality of heat transfer not one spot only but as many as we 
like, taking care to have one heat carrier for each small region over which T 
may be considered constant. In this way the /ofal surface might be 
utilized. In such a case let 5g” represent the heat taken in by the rth 
region on the surface during the short time interval ¢ to ¢ + di (the time 
interval must be small to secure the sensible constancy of T during the heat 
transfer). Then the total heat absorbed by the system during that small 
time interval will be }-4¢{”, where the summation extends over the whole 
surface. Similarly, the total heat taken from the reservoir during the 
same small time interval will be given by: 

6q° = T°Sq,)/T, 
where 7, is the temperature of the rth region of the surface at the time /, 
and the summation extends, as before, over the entire surface. It is evi- 
dently 5g°/T° which corresponds to 6g/T for the reversible case. Disre- 
garding for the moment any changes in entropy due to equalization of 
temperature within the system the total change in entropy is given by 
AS = Sz — Sa — Q/T° 
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where 0/T° = f'5q°/T°, the integration extending from the moment the 
system left the state A to the moment when it finally attained equilibrium 
at the state B. 

The problem resolves itself into a determination of the sign of AS. For 
reversible changes of state the quantity is evidently zero. For irreversible 
changes it is coriceivable that the sign might be always positive, or always 
negative, or sometimes the one and sometimes the other. An interesting 
sidelight on the last possibility is presented in an article by C. Raveau (1) 
in which the whole significance of the Second Law is made to depend on the 
permanence of irreversibility. For our purposes we rely on the mechanical 
conditions governing the quantity of work which can be performed by the 
system in passing from a given initial to a given final state. 

The usual mechanical formula, dw = pdv, accepted in thermodynamics as 
characteristic of all systems, is evidently true only for reversible changes of 
state, as has been pointed out frequently in thermodynamic treatises. 
It is only in the reversible case that the symbol p has a definite significance. 
In all other cases p is multiple-valued. However, certain qualitative con- 
clusions as to the value of may be drawn. It is mechanically evident 
that the seat of the pressure or force acting on the piston is at the interface 
between the gas and the piston and that the actual pressure which does 
work on the piston is the pressure in the interface. At the first instant of an 
irreversible expansion p has its equilibrium value; thereafter, in calculating 
the work done by the gas, p should be evaluated at the interface. We 
know, for example, that in the extreme case of irreversibility, expansion 
into a vacuum, zero work is performed, corresponding to the zero pressure 
acting on the “‘piston.’’ The initial step of an irreversible process lowers 
the pressure in the immediate vicinity of the piston. A wave of dilatation 
spreads through the gas, tending in the end to be reduced to heat by vis- 
cosity. When such a reduction has been accomplished the pressure is 
again the same throughout. But the process of transmission and trans- 
formation of the wave takes a finite length of time and if the piston moves 
farther during the time required—and it does so in the case of irreversi- 
bility—the pressure is not only not equalized but becomes even more 
widely different in different regions. In particular, it will be even less at 
the piston-gas interface. Evidently, for a given volume change, the irre- 
versible work is less than the reversible work due to the fact that the actual 
pressure is usually less and certainly never greater than the equilibrium 
pressure. But, for a given change of state, the change in internal energy is 
constant. Therefore, if the work done be less for the irreversible case than 
that for the reversible case, so also is the heat absorbed. That is, 

5Grev. > SGirrev. 
But the change in entropy of the system is 
ASsys. an Qrev./T° ? Qirrev./T°, 
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where Q,ey. and Qirrey, represent the total heat taken from the reservoir at 
constant temperature 7° in the reversible and irreversible cases, respec- 
tively; and the change in entropy of the reservoir is in any case 


AS® = —Q/T°. 


Consequently, 
AS = ASsys. + AS° = Ooris > 0 
according as the process is or is not reversible. 

When compression is carried on irreversibly the work done on the gas 
(—éw) is greater than in the case where the opposing pressures are equal. 
This is true because, due to the fact that density variations are equalized 
with finite velocity, the initial increase of density of the layer of material 
next to the piston, which, in the irreversible case, is not only permanent, but 
increasing with time offers a greater resistance (pressure) than would be 
offered by a layer at equilibrium density. Since 


— b5Wrey. < — SWirrev., 
therefore 
5grev. > SGirrev. 

and the conclusion arrived at for irreversible expansion is also valid here. 

Irreversibility of heat transfer occurs whenever two media at different 
temperatures are placed in contact. Heat flows from the medium at high 
to that at low temperature.* In point of fact there must exist an inter- 
mediate region in which the temperature varies from point to point in a 
physically continuous manner, but this need not concern us. Only the 
initial and final states are of practical value in calculation because the 
change in entropy may be determined entirely from them. Let there be 
inequalities of temperature within the system under consideration. Sup- 
pose a small region 6; to possess a momentary temperature 7, and a neigh- 
boring small region 8) to possess a temperature 72<7;. A flow of heat 
from 8; to B: will take place. Suppose ég calories to have been transported. 
Then the changes in entropy of the two small regions are, respectively, 


dS; = —6q/T; : dS» = 6q/T2; 
and the total change in entropy is the sum of these, viz. : 
aS = dS; oa dS = 5q( Ti - T2)/TiT»2 > 0, 


that is, positive. Consequently, all internal equalization of temperature 
in a system of perfect gases is attended by a net increase of entropy. 

The case of irreversible transfer of heat with the surroundings remains, 
but it is evident that any such regions of irreversibility may legitimately be 
included in the ‘‘system’”’ if desired. The surroundings are thus arbitrarily 

* Statistically heat may also flow from low to high temperature, but it is evident 


that in such a case temperature has not the same significance as in thermodynamics 
where it is defined as the parameter determining the direction of flow of heat. 
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selected so that all contacts between it and the system are made the seats 
of only reversible energy transformations or transfers. 


Diffusion 


The case of diffusion is different from those treated above because it 
necessitates the presence of at least two molecular species. For simplicity 
consider a system composed of one mole of A and one mole of B confined in 
a container of volume v at a total pressure p. 

First suppose the volume v divided into two equal parts and suppose all 
of A to be in the right half and all of B in the left. (Figure 2.) The total 
volume is v and the pressure throughout is p. Now suppose the partition 
removed. That the gases will interpenetrate is an experimental fact 
giving occasion for the name diffusion. Further, since both portions were 
at pressure p before the partition was removed, there will be no sudden 
mass motion of gas in either direction. Each gas acts as though it were 
expanding against a sensibly equal pressure and it continues to ‘‘expand” 
until it fills the volume uniformly. The work done by each gas is RT 


v 
A, & ayo ee But 





the work is done by one 
constituent of the mixture 
on the other and zero work 
is produced externally. 

It is possible to devise 
hypothetical mechanisms 
by means of which the 
work here expended on internal reaction might be utilized. Suppose the 
partition to consist of two pistons, 8 and a, of which B is permeable to B 
but not to A and a to A but not to B. By moving a very slowly from its 
original position (Figure 2) to the right wall of the container B is allowed to 
expand reversibly into A. The expansion may be taken to be isothermal, 
the requisite heat being reversibly supplied from a reservoir at the tempera- 
ture T of the system itself. In this expansion 


AE=0, fiq = fiw = RT In 2. 











FIGURE 2 


Similarly the piston 6 may be moved very slowly from the center of the 
container to the left wall, producing a quantity of work RT In 2 and absorb- 
ing an equal quantity of heat. (The two expansions may, of course, be 
carried out simultaneously.) In the present’reversible case of diffusion the 
change in S for the system is /ig/T = 2RT In 2, and for the reservoir 
— f'iq/T = —2RT In 2, so that the total change in entropy is zero. 

For the irreversible case previously described the change in entropy must 
be the same for the system since the initial and final states are identical, 
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whereas the change in entropy of the reservoir is zero. Since the AS for 
the system is positive it is evident that here too the total change in entropy 
is zero or positive according as the changes of state occurring are or are not 
reversible. 


Discussion 


The value of the foregoing as a contribution to human knowledge may 
well be questioned on the grounds of a helpful criticism received by the 
author as follows. ‘‘Broadly speaking, it may be taken to illustrate one 
way in which a considerable part of a known result can be obtained by using 
less hypotheses than are necessary to establish the whole of the known 
result. It seems evident that an infinity of attempts of this sort are 
possible.”” However, the pedagogical problem of presenting Second Law 
theory to a class with little thermodynamic background has led me to seek 
for ways of avoiding until the last possible moment the appeal to the 
“principles” on one or the other of which the standard development of the 
law depends. A treatment such as the above yields many of the pertinent 
results of the law in a form more readily grasped because based on no ‘“‘self- 
evident” statements which seem to most students the reverse of plausible. 
It is hoped that there will shortly be developed a new postulate on which to 
found the classical second law—a postulate just as general but more plausi- 
ble than the usual ones. 

In July of last year G. N. Lewis (2) published a highly important article 
in which he stated that he had found a new and really valid statement of 
the Second Law. This claim is really less than the fact, since the new 
postulate accounts not only for the phenomena treated by the classical law 
but also the fluctuations about equilibrium, which are quite foreign to it. 
I should like to propose the title ‘‘The Lewis Postulate” for the cardinal 
principle set forth by Prof. Lewis, a principle which appears to bear to the 
classical Second Law the same relation that Relativistic Mechanics does 
to Newtonian. 


Summary 


In a system composed of perfect gases or of substances for which it can 
be shown that 6g/T = dS, a perfect differential, it has been showa that the 
total change in the point function S is zero for reversible and positive for 
irreversible processes. In the proof no use has been made of any ‘‘princi- 
ples” such as are usually made a basis for the Second Law of Thermo- 
dynamics. The only assumptions are the First Law, the Perfect Gas, and 
those auxiliary assumptions as to the mechanical properties of all matter 
which are always used in thermodynamics to define ‘“‘work done” and 
“reversibility.” The probable pedagogical value of the presentation is 
pointed out. The suggestion. is made that the new postulate recently 
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discovered by Prof. G. N. Lewis to replace the Second Law be called the 
Lewis Postulate. 
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PREMEDICAL PHYSICAL CHEMISTRY 


D. L. RANDALL, ALBION COLLEGE, ALBION, MICHIGAN 


Physical chemistry is being recognized as a valuable part of a premedical student’s 
training inchemistry. Inarecent paper by Grady, read before the Division of Chemical 
Education at the September, 1931, meeting of the American Chemical Society (Buffalo)* 
are given the results of the opinions of the deans of twenty-two medical colleges in regard 
to the course that would be recommended as a premedical college course. In 18 cases, 
4 hours of physical chemistry are recommended or required and in 17 cases, 4 addi- 
tional hours are recommended or required. 

The average premedical student often lacks the mathematical background to cope 
with some of the problems of physical chemistry and others do not seem to be able to 
include this in their crowded course. There are some parts of physical chemistry that 
apply more directly to a student’s training for medical work than others. With this 
idea in mind, for a number of years we have included these parts of physical chemistry 
in our first semester work in this subject and called the course ‘“‘Premedical Physical 
Chemistry.’’ In this course are included a discussion of the gas laws, the properties of 
liquid solutions—both electrolytes and non-electrolytes—the colloidal state, electrical 
conductivity, hydrolysis, electromotive force including the theory of hydrogen-ion 
determinations, and with the application of these principles to biological processes. 

The students who have finished this first semester’s work and are specializing and 
are interested in continuing the study of physical chemistry, take up the study of the 
other topics commonly considered in an introductory course in physical chemistry 
during the second semester. 

In presenting the work in this way, at first use was made of some of the texts that 
apply physical chemistry to biological subjects. It was found later that it was more 
satisfactory to use a standard physical chemistry text. The work was taken up in a 
more orderly manner and in such a way that mathematical problems would be given. 
The problems commonly given in such texts made the teaching easier. The solution of 
these problems made students more familiar with the subject matter and also helped to 
develop their ability along mathematical lines. 


* Grapy, J. Cue. Epuc., 9, 111-3 (Jan., 1932). 




















THE LECTURE-DEMONSTRATION AND INDIVIDUAL 
LABORATORY METHODS COMPARED. II* 
THE DISTRIBUTION OF TIME 


V. F. PAYNE, TRANSYLVANIA COLLEGE, LEXINGTON, KENTUCKY 


The catalogs of 319 public and private colleges have furnished the data here 
presented. The courses in general chemistry, qualitative analysis, quantita- 
tive analysis, organic and physical chemistry have been considered. The ratio 
of laboratory credits to classroom credits, the number of laboratory credits and 
of classroom credits required per semester, and the number of hours required 
in the laboratory per laboratory credit have been tabulated for these courses. 
Other studies and opinions have been summarized. The teaching load of the 
science teacher has been given some consideration. 


An estimate of the relative value placed on laboratory and lecture or 
class work in chemistry by teachers and administrators may be made 
by comparing the distribution of time between chemistry classroom and 
laboratory. A study of the catalogs of 319 public and private colleges, 
ranging in size from an institution of fifteen students to the largest in the 
country, and with a median size of 621 students, has furnished the data of 
this section. 

Table I shows the ratio of laboratory credits** to classroom credit for 
courses in general chemistry, qualitative analysis, quantitative analysis, 
organic chemistry, and physical chemistry. A part of the 319 institutions 
made their announcements in such a way that the data could not be used. 
For Table I it was possible to use only 237 cases in general chemistry, 212 
in qualitative analysis, 236 in quantitative analysis, 188 in organic chem- 
istry, and 115 in physical chemistry. The mode for general chemistry, 
qualitative analysis, organic chemistry, and physical chemistry is a ratio 
of two credits in laboratory to two credits in classroom; and the mode for 
quantitative analysis is two laboratory credits to one classroom credit. 

Table II gives the laboratory credits required per semester in the various 
courses. The mode for all the courses listed is two laboratory credits per 
semester. The median is likewise two credits except for physical chemistry 
in which case the median is one laboratory credit per semester. 

It is worthy of notice that the 38.8 per cent. requiring only one laboratory 
credit per semester in general chemistry could wait until a second semester 
for all the laboratory work, if that were desirable, and then have no more 
laboratory work in that semester than 53.2 per cent., and less than 7.1 per 
cent., of the cases. It is also interesting to note that qualitative analysis 
* Presented before the Division of Chemical Education of the American Chemical 


Society at Buffalo, New York, September 3, 1931. 
** The term credit is used in this paper and the accompanying tables as the equiva- 


lent of the terms semester hour or hour. 
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TABLE I 


The Ratio of Laboratory, Credits to Classroom Credits 


General Qual. Quant. Organic Physical 
Chemisiry Analysis Analysis Chemistry Chemistry 


Cases Percentage Cases Percentage Cases Percentage Cases Percentage Cases Percentage 
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is the only subject having not a single course listed without laboratory credit 
and that 28.7 per cent. of the courses in physical chemistry do not involve 
laboratory credit. The ranges in laboratory credit are: general chemistry 
0-3, qualitative analysis 1-4.5, quantitative analysis and organic chemistry 
0-5, and physical chemistry 0-4. 

The great variation in practice indicates a lack of any uniform philosophy 
in respect to the amount of laboratory work needed in general chemistry, 
as well as in other courses. 

Table III, classroom credits required per semester, indicates two class- 
room credits as the mode in general chemistry, qualitative analysis, organic 
chemistry and physical chemistry, and as the median for general chemistry, 
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TABLE II 











Laboratory Credits Required per Semester 
General Qual. Quant. Organic Physical 
Chemistry Analysis Analysis Chemistry Chemistry 
Credits Cases Percentage Cases Percentage Cases Percentage Cases Percentage Cases Percentage 
0 2 0.8 1 0.4 3 1.5 33 =. 28.7 
1 92 38.8 14 6.6 8 3.4 49 26.1 35 30.4 
2 126. 63. 125 50.0. - 112... 47:6 118 62.5 39 8633.9 
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Cases 237 212 236 188 115 
Mode 2 2 2 2 2 
Median * 2 2 2 2 1 
Range 0-3 1-4.5 0-5 0-5 0-4 












* The term median is used in these tables to indicate the mid-value. 





organic chemistry, and physical chemistry. One classroom credit per se- 
mester is the mode for quantitative analysis and the median for qualitative 
analysis and quantitative analysis. The ranges in classroom credit per 
semester are as follows: general chemistry 1-4, qualitative analysis 0-3, 
quantitative analysis 0-6, organic chemistry 0-5, and physical chemistry 
1-6. It may be noted that no general chemistry or physical chemistry 
courses involve less than one classroom credit but that 23.3 per cent. of 
the quantitative analysis courses give no classroom credit. 

Table IV gives the hours required in the laboratory for each laboratory 
credit allowed. Here again there is a wide variation in practice. As a 
mode and median two laboratory hours are required per credit in general 
chemistry, qualitative analysis, and physical chemistry while three labora- 
tory hours per credit is the mode in quantitative analysis and organic chem- 













TABLE III 









Classroom Credits Required per Semester 
General Qual. Quant. Organic Physical 

Chemistry Analysis Analysis Chemistry Chemistry 
Credits Cases Percentage Cases Percentage Cases Percentage Cases Percentage Cases Percentage 
0 32 15.1 55 =. 23.3 6 3.2 
1 6 2.5 77 ~=—- 336.3 94 39.8 11 5.9 7 6.1 
2 123 51.9 83 = 39.1 73 «=©30.9 105 55.8 59 =-41.3 
3 10L 42.6 20 9.4 11 4.7 64 34.1 45 39.1 
4 7 3.0 1 0.5 2 Lit 
5 0.6 1 0.5 1 0.9 
6 1 0.4 1 0.9 
Cases 237 212 236 188 115 
Mode 2 2 1 2 2 
Median 2 1 1 2 2 






Range 
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istry and 2.5 hours per credit is the median in quantitative analysis and 
organic chemistry. There are very marked tendencies to require either 
two or three hours in the laboratory for each credit allowed. It may be 
presumed that the 31.7 per cent., required to do three hours of laboratory 
work per general chemistry credit, would do as much in the laboratory for 
two credits as the 58.3 per cent., required to do two hours’ work in the labo- 
ratory per credit, would do for three laboratory credits. 


TABLE IV 
Hours Required in the Laboratory for Each Laboratory Credit Allowed 
General Qual. Quant. Organic Physical 
Hours to Chemistry Analysis Analysis Chemistry Chemistry 
Each Credit Cases Percentage Cases Percentage Cases Percentage Cases Percentage Cases Percentage 

1.0 7: 3 1 es 5 3.6 ae ee 
1.3 1 0.4 1 0.5 1 0.5 
1.5 2 0.8 1 0.5 2 2.3 
1.6 1 0.4 1 0.5 
1.7 1 0.4 1 0.5 
2.0 163. °68.3 111° $1.1 70; 42-4 0: 8t.6 47 48.8 
2.3 1 0.4 1 0.5 1 0.5 
2.5 9 3.4 9 4.1 9 4.6 27 =138.2 3 3.1 
2.7 4 2.1 1 0.5 1 1.0 
3.0 83 31.7 84 36.7 87 45.3 81 39.5 38 39.0 
3.3 1 0.5 
3.5 1 0.5 2 1.0 
4.0 Fae | 8 3.7 1 0.5 13 6.3 3 3.1 
5.0 1 4 1 0.5 1 0.5 1 0.5 1 1.0 
Cases 262 217 192 205 97 
Mode 2.0 2.0 3.0 3.0 2.0 
Median 2.0 2.0 2.5 2.5 2.0 


A study (1) of sixty public junior colleges has shown a requirement of 
three laboratory hours per credit for 47.4 per cent. of the general inorganic 
courses, 37.5 per cent. for qualitative analysis, 66.7 per cent. for quantita- 
tive analysis, and 53.3 per cent. for the organic chemistry courses. One 
writer (2) very vigorously defends the three-hour laboratory requirement in 
contrast with the two-hour requirement per credit. In contrast another 
writer (3) says: 

And when laboratory work is properly conducted and recorded, an 


hour should be called an hour, not half an hour as is almost univer- 
sally the custom in giving credit. 


Johnson (4) considered the effect of the ratio of the hours in the labora- 
tory per credit allowed on the teaching load of college chemistry instruc- 
tors. He found from 287 replies from 570 colleges that 59 per cent. con- 
sidered two clock hours of laboratory supervision equivalent to one clock 
hour of lecture teaching. Mills (5) concludes: 
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In general, as regards the student, it is quite reasonable to consider 
that two hours of laboratory work is the equivalent of one hour of 
lecture work... . 

In actual practice the present effect of the statement concerning the 
number of classroom hours for teachers that “‘in general two laboratory 
hours will be counted as equivalent to one recitation hour’’ is to throw 
on the teachers of chemistry much more than their comparative share 
of instruction in the institution without securing the slightest recogni- 
tion for this increased work. 


Mills further suggests that the southern standard (6) on the number of 
classroom hours for teachers: ‘‘In general, two laboratory hours will be 
counted as equivalent to one recitation hour’’ be changed to read: ‘One 
laboratory clock hour when spent in teaching will be counted as the equiva- 
lent of one recitation hour.” 


Summary 
Table V summarizes the practice of the institutions with respect to the 
ratio of laboratory to classroom credit in the fundamental chemistry 
courses. 


TABLE V 
Summary, Ratio of Laboratory to Classroom Credit 
Ratio Percentage of 
Subject at Mode Cases at Mode 
General Chemistry 2-2 30.8 
Qualitative 2-2 25.9 
Quantitative 2-1 22.1 
Organic 2-2 36.5 
Physical 2-2 20.0 


Table VI summarizes the practice of these institutions with respect to 
ratio of hours spent in the laboratory to credit given for the same funda- 
mental chemistry courses. 


TABLE VI 
Ratio of Hours Spent in Laboratory to Credit Given Shown at the Mode and Median 
Subject Mode Percentage Median Percentage 
General Chemistry 2-1 58.3 2-1 58.3 
Qualitative 2-1 51.1 2-1 51.1 
Quantitative 3-1 45.3 2.5-1 4.6 
Organic 3-1 39.5 2.5-1 13.2 
Physical 2-1 48.8 2-1 48.8 


A more restricted study (7) involving the practice of sixty-four public 
and eighty-two private institutions is summarized as follows: 


Less than one-fifth of all the sixty-four publicly supported institu- 
tions under consideration have the same number of classroom and 
laboratory hours per week in general chemistry, qualitative and 
quantitative; for organic, less than one-seventh of the institutions 








1102 JOURNAL OF CHEMICAL EDUCATION JUNE, 1932 


follow the same practice; for physical, one-tenth; and in technical, 
agricultural, chemical engineering, and industrial chemistry, the 
number of institutions following any specific weekly classroom-and- 
laboratory-hour plan are too few to mention. 

Less than one-fifth of the eighty-two privately controlled institu- 
tions under consideration follow the same weekly classroom-and- 
laboratory-hour plan for general chemistry, qualitative, and physical 
chemistry; one-seventh in quantitative and organic; one-tenth in 
industrial; and in the remaining there is no common practice. 

The outstanding fact is that in both the public and the private 
institutions under consideration, one-fifth follow a common practice 
with respect to weekly classroom and laboratory hours in three or 
four specific courses in chemistry, and in all other courses in chemistry 
there is no approach to any standard practice. 

This great lack of uniformity points to the need of not only a 
scientific study of the different plans in combining classroom and 
laboratory instruction, but also of the importance of the different 
methods of teaching the several branches of chemistry. 


The wide disparity in practice with respect to distribution of time be- 
tween classroom and laboratory and with respect to amount of work in a 
laboratory per credit does not leave us with any assurance that our past 
procedures rest upon any very secure basis. 


The writer acknowledges the assistance of Miss Lyda May Smiley in 
collecting the major portion of the data used in this study. 
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SUITABLE PROJECTS IN PLANT CHEMISTRY 


HAROLD F, SCHAEFFER, WAYNESBURG COLLEGE, WAYNESBURG, PENNSYLVANIA 


It is suggested that experiments dealing with the effects of gases on seedlings 
may serve as suitable project material, since definite results are obtainable 
within about ten days. Details of two such experiments are given. 


At present many schools encourage 
their chemistry students to carry out 
special projects in place of a certain 
number of the regular experiments. 
It frequently happens that some stu- 
dents who are interested in plants ex- 
press a desire to work on a project 
concerned with plant growth. Unfor- 
tunately, it is usually rather difficult 
to find a plant project which will yield 
decisive results within the brief period 
ordinarily allotted to projects. The 








FIGURE 1.—ARRANGEMENT OF 
APPARATUS 


writer has found that projects dealing 
with the effects of gases on germinat- 
ing seeds are well adapted to such 
short periods. 

A project recently carried out here 
may serve to indicate the kind of re- 
sults that can be obtained. After 
some mustard seeds had been soaked 
in water for several days they were 
divided into two portions, one to be 
kept in oxygen and the other in air 
as acontrol. The apparatus was arranged as in Figure 1. The water in 
the dish serves a double purpose; it confines the gas inside the inverted jar 











FIGURE 2.—MUSTARD SEEDLINGS AFTER 
24 Hours 


Left: In air. Right: In oxygen. 





FIGURE 3.—IN AIR FIGURE 4.—IN OxYGEN 


MUSTARD SEEDLINGS AFTER 48 HouRS 
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Ficure 5.—InN AIR 





FIGURE 6.—IN OXYGEN 


MUSTARD SEEDLINGS AFTER 3 Days 


and keeps the atmosphere sufficiently humid to prevent drying of the seeds. 


The procedure was quite simple. 


Every day a fresh jar of air or oxygen 


was inverted over the seeds, and after about twenty-four hours the changes 
were recorded. 

The results of the experiment can be read in the photographs. Figure 2 
shows, to the right, the progress made during twenty-four hours’ contact 
with oxygen. On the left are the con- 


FIGURE 7.— MUSTARD SEEDLINGS 
AFTER 6 Days 


Top: In air. 


Bottom: In oxygen. 


trols which were exposed to ordinary 
air for the same length of time. Of 
those exposed to oxygen fifty-three 
had roots, whereas only three of the 
controls had germinated. The roots 
on the latter were also smaller than 
those on the seeds kept in oxygen. 
The development resulting from 
forty-eight hours’ exposure (Figures 3 
and 4) needs little comment. In the 











F1iGuURE 8.—-GERMINATING PEAS AFTER 
24 Hours 


A. Inair. O. In oxygen. 
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control group (Figure 3) the longest roots measure only */s inch, while 
those exposed to oxygen attained a length of */, inch, and in several 
cases more. In the latter group we also found well-developed root hairs. 

At the end of three days (Figures 5 
and 6) the advantage of oxygen still 
continued to be quite evident. Leaves 
had made their appearance, and, 
although the fact does not show up 
distinctly in the illustrations, the 
seedlings reared in oxygen possessed 
well-developed leaf stems, whereas in 
the control group the stems barely 
extended beyond the seed. It may 
be of interest to note that the leaves 
possessed a rich green color as soon 
as they appeared. On account of A 
overcrowding some of the seedlings 
were then weeded out, leaving typical representatives of each group. 

The good influence of starting in an atmosphere of oxygen continued in 
evidence at the end of four days, but at the end of five days the control 
group appeared to be catching up. At the end of six days (Figure 7) 
there were well-developed 
shoots in both groups. The 
advantage of an abundance 
of oxygen was no longer ap- 
parent. The food originally 
stored in the seeds was prac- 
tically exhausted. It must 
be remembered that some 
photosynthesis was possible in 
the seedlings kept in oxygen 
because a varying amount of 
carbon dioxide was present as 
a respiratory by-product. 

Results of a similar experi- 
ment on peas are shown in 
the remaining photographs. Here, too, the seeds were first allowed to soak 
in water for a couple of days. 


Observations on Germinating Peas 
End of first day. (Figure 8.) 
In oxygen (O): Average length of roots, */s inch; one measured '/2 inch. 
In air (A): One had failed to germinate; one root measured slightly 
over '/,; inch; others about !/,4 inch. 








FIGURE 9.—GERMINATING PEAS AFTER 
3 Days 
In air. O. In oxygen. 








Figure 10.—GERMINATING PEAS AFTER 5 Days 
A. Inair. O. In oxygen. 
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End of second day. (Not illustrated.) 

In oxygen: Leaves appearing on five seedlings. One root about 
1'/i¢ inch long; others about 7/3 inch. Average thickness of roots 
greater than in controls. 

In air: Leaves appearing on one; one root just beginning to appear; 
longest root was one inch. 

Third day. (Figure 9.) 

In oxygen: Average length of roots about 1!/, inch. 

In air: Roots somewhat thinner than those in oxygen; longest root 
1%/16 inch; shortest root !/2 inch. 

Fourth day. (Not illustrated.) 

In oxygen: Four roots, 1*/, inches; two were 11/2; inches; best stem, 
s/, 3 
/s inch. 

In air: Three roots, 1°/, inches each; one measured less than °/, inch. 

Fifth day. (Figure 10.) 

In oxygen: Sum of all root lengths, 12'/s inches; combined lengths 
of shoots, 6 inches. 

In air: Combined root lengths, 12!/, inches; combined stem lengths, 
5°/s inches. 

Sixth day. (Not illustrated.) 

In oxygen: Combined root lengths, 14!/, inches; combined lengths 
of shoots, 7 inches. 

In air: Combined root lengths, 14°/s inches; combined shoots, 7 
inches. 


The foregoing experiments indicate that interesting results can be ob- 
tained within a week or ten days. It would be of interest to compare the 
response of a large variety of seeds. Other experiments will readily sug- 
gest themselves, such as the use of nitrous oxide in place of oxygen, mix- 
tures of oxygen and carbon dioxide, carbon dioxide and air, etc. Since 
oxygen is a by-product of photosynthesis it might be of interest to deter- 
mine whether the seedlings could survive in an atmosphere of pure carbon 
dioxide or in a mixture of carbon dioxide and nitrogen. 
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SOME EXPERIMENTS WITH CRYSTALS 


CHARLES H. Stonr, MremoriAL HicH ScHoor FoR Boys, Boston, MASSACHUSETTS 


The variety of colors displayed by crystal substances, the different 
crystal shapes exhibited, and the curious relation between their water of 
hydration and heat combine to make crystals an interesting subject for 
experimentation and study. This applies not only to the teacher but also 
to any able and interested students who may find the time for such work. 
A few experiments dealing with the above topics follow. 


Crystal Form and Color 


Prepare moderately concentrated water solutions (25-50 cc.) of the 
following: sodium chloride, barium chloride, copper chloride, copper 
sulfate, lead nitrate, sodium nitrate, ferric ammonium sulfate, potassium 
chromate, potassium sulfate, potassium hydrogen sulfate, potassium 
aluminum sulfate, potassium chromium sulfate, zinc sulfate, magnesium 
sulfate. Any other substances which crystallize well may, of course, be 
included in the above list. In each case, if the solution is not clear it must 
be filtered, remembering that substances like copper chloride which dissolve 
cellulose must be filtered through asbestos. The clear filtrates should then 
be placed in crystallizing dishes and set aside in a place free from dust. A 
label bearing the name of the solute should be placed under each dish. 
(Since crystallizing dishes are rather expensive, a satisfactory substitute 
may be obtained at one of the well-known ten-cent stores in the form of 
plain glass coasters.) 

After several days a considerable crop of crystals should have formed in 
some of the dishes. The length of time required for this will depend upon 
the amount of water used in making the solution, upon the temperature of 
the room, and upon the movement of air over the several dishes. It is 
better not to allow the liquid in any dish to dry up completely since some of 
the crystals are efflorescent and if left exposed to air will crumble to powder. 
When a good crop of crystals has formed in any dish, drain off the liquid, 
and dry the crystals on blotting or filter paper. If the crystals formed in 
any case are unsatisfactory, redissolve them in hot water, filter, and 
recrystallize. 

In each case note the following. Which of your crystals are: colorless, 
white, blue, amber, green, yellow, purple? Which of them take the shape 
of: a cube, a rhombus, a hexagon, etc.? How do you account for the little 
dark spot in the center of the common salt crystals? Do you note any 
similar condition in other crystals? In any two crystals of the same sub- 
stance is the angle between the same two adjacent sides a constant? 
Which of the crystals show beveled edges? In what crystals is the upper 
plane surface the reverse of the lower plane surface? Do any two different 
substances crystallize in the same or similar shape? 

1107 
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Crystal Repair 


Select as nearly perfect a copper sulfate crystal as you can find and 
break off a small bit from one of its sharp ends. Drop this mutilated 
crystal into a saturated solution of copper sulfate at room temperature. 
A flat-bottomed dish should be used to hold the solution. 

After several days observe the following. Has the part broken off been 
replaced? Has the crystal grown? If so, has it grown uniformly? 


Effect of Heat 


In a dry test tube put one or two grams of copper sulfate crystals and 
heat them over the flame of the Bunsen burner, taking care to hold the tube 
with closed end slightly higher than the open end. Use very moderate 
heat, too much heat will spoil the experiment. 

Note: if water escapes, whether much or little comparatively; any color 
change. Explain observed result. Is the crystal shape retained when no 
further color change is seen? 

Lay the tube to cool across a support with hot end slightly higher than 
the cold end. Why is this necessary? 

Proceeding similarly heat a gram or two of copper chloride crystals, using 
very little heat. Too much heat will cause copper oxide to form. What 
results do you note as to water and color change? Why should too much 
heat cause the formation of copper oxide? Lay the tube to cool as in 
the previous case. 

In the same way heat a small quantity of barium chloride crystals. 
Does water escape? Is there any color change? 

Heat carefully a little cobalt chloride in a dry tube. How do you explain 
the color change? Will the residue remain blue if exposed to air? Why? 
What use can be made of the above fact? 


Effect of Various Liquids on the Anhydrous Residues 


Dry out the copper sulfate tube used immediately above and pour out 
the white solid into the palm of the hand. Powder the substance in the 
palm, collect it into a little heap and let one drop of water fall upon the heap. 
What color change do you notice? Explain it. What other change do 
you notice? Explain it. 

Dry out the copper chloride tube with rolled filter paper and make three 
portions of the brown powder in three separate tubes. To the first add a 
little (5 cc.) of carbon tetrachloride, to the-second 5 cc. of 95% alcohol, 
to the third add 5 cc. water. Note the different results. Has carbon 
tetrachloride any ionizing power? Has alcohol? Has water? 

Dry out the barium chloride tube and pour the powder into the palm of 
the hand. Make a little heap of the powder and let one drop of water fall 
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on it. Is there any color change? Is there any heat change? When 


plaster of Paris sets does it grow warm? Why? 
Add water to the blue residue of cobalt chloride. Explain results. 


Other Properties 


Heat some of your common salt crystals in a tube. How do you explain 
the crackling noise (decrepitation)? Will salt which has once been heated 
crackle if heated again? Do any other of your crystals decrepitate when 
heated? Why? Which of your various crystals contain no water of 
hydration? Which of them are efflorescent? Which deliquescent? 
Which crystals contain the highest percentage of water? 


Purification 


Pulverize in a clean, dry mortar 5 g. ordinary alum and 0.5 g. copper 
sulfate. Transfer the mixture to a clean evaporating dish with 25-30 cc. 
water and heat gently with stirring until complete solution is obtained. 
Filter into a clean crystallizing dish and set aside. In a few days when a 
good crop of alum crystals has formed drain off the liquid into another dish 
and wash the alum crystals with a little cold water to remove adhering 
mother liquor. Transfer one or two of the crystals to a clean test tube and 
dissolve in hot water. Test the liquid for copper ion with potassium ferro- 
cyanide solution. Should any test for copper appear, redissolve the 
remaining crystals of alum in hot water and recrystallize. A pure product 
should be obtained. 

What is the test for copper ion? The liquid in the first dish should not 
be allowed to evaporate completely. Why? What is the limit to which 
the evaporation should te allowed to proceed? Can all of the alum be 
recovered in pure form by this method? Why? What becomes of the 


copper sulfate? 








TEMPERATURE COMPARISON CHART 


TEMPLE C. PatTON, MASSACHUSETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, 
MASSACHUSETTS 


The chart herewith reproduced attempts to represent visually the | 
correlation between several items related to the Centigrade and Fahrenheit ~ 
temperature scales. These scales are so arranged that any horizontal 
line will intersect them at the same temperature level. Similarly the 7 
melting points of several common metals and oxides are noted at their 7 
respective levels. To the left are drawn millivoltage scales which show 7 
the millivoltages developed by three commonly used thermocouples when 7 


their cold junctions are at zero degrees Centigrade and their hot junctions 
at the temperature level shown by the temperature scales at the right. 
The temperature range covered by the use of pyrometric cones (Seger 
cones) is shown and the temperatures they indicate are marked with the 
corresponding cone numbers. The iron-carbon equilibrium diagram shows 
the range ordinarily used in hardening operations. The alumina-silica 
equilibrium diagram is complete and the composition range of refractory 
bricks made from these two oxides, indicated. 

Only rough approximation is claimed for this comparison chart, but the 
author believes the approximate relations between the various items 
related to the temperature scales are clearly visualized by its use. 
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AN EXPERIMENT TO SHOW THE CATALYTIC ACTION OF 
MANGANESE DIOXIDE ON THE DECOMPOSITION OF 
POTASSIUM CHLORATE AND THE MEASUREMENT 
OF THE PRODUCTS OF THE REACTION 


JouN E. MACKENZIE, THE UNIVERSITY, EDINBURGH, SCOTLAND 


In various texts and manuals will be found the description of an experi- 
ment showing the catalytic action of manganese dioxide on the decomposi- 
tion of potassium chlorate. For several years an extended form of the ex- 
periment has been carried out in my lectures and the following description 
may be of use to other teachers of chemistry. 

The accompanying diagram shows the apparatus, consisting of: A a 
hard glass tube of 25-mm. internal diameter, B a rubber stopper, C an elbow 
tube of 8-mm. internal diameter and each limb 75 mm. in length, D a con- 
necting tube of 8-mm. internal diameter and 450 mm. length, E a wide 
measuring cylinder of 1000 cc. capacity, F a glass trough. 

The powdered potassium 
chlorate and powdered man- 
ganese dioxide are previously 
dried by heating to 150° in an 
air oven and tubes A and C 
are cleaned and dried before 
weighing. 

After making the necessary 
weighings as shown below in 
the data of three experiments, 
the apparatus is set-up as 
in the diagram, except that 
the outer end of tube D is under the surface of the water in the trough F, 
but not below the cylinder E. The tube A is gradually heated until the 
chlorate has completely melted and air no longer escapes in bubbles through 
the water, thus showing the air in the apparatus to be at a constant tem- 
perature. 

The opening of tube D is then brought under the cylinder and tube C 
is twisted through an angle of 180° so that the manganese dioxide falls down 
on to the melted chlorate, and the Bunsen flame is immediately removed un- 
til the first vigorous reaction has subsided. The flame is again applied to 
tube A until the reaction is completed as shown by no further passage of 
bubbles through the water into E. When this happens, the apparatus 
ABCD is moved away from the trough F. The volume of gas in cylinder 
E is measured after leveling the surfaces of water inside and out, the tem- 
perature and atmospheric pressure and the pressure of aqueous vapor 
noted, and the volume reduced to N.T.P. The calculation from volume of 
oxygen to weight of oxygen is then made. 
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After the tube A has cooled down, the potassium chloride and manga- 
nese dioxide are separated by adding hot distilled water—about 30 cc.—and 
decanting into a tared double filter paper and collecting the manganese 
dioxide on the paper and the potassium chloride solution in a tared porce- 
lain basin with glass rod. The extraction with water is repeated three or 
four times, care being taken that all the manganese dioxide is transferred 
to the filter paper. The funnel and filter paper are then dried in a steam 
oven and the solution stirred with the rod to prevent spurting while being 
evaporated to dryness. 

The basin with the residue of potassium chloride is gently heated over a 
Bunsen flame and after cooling is weighed and the process repeated until 
constant weight is attained. 


DATA 


Experiment r 
Weight of tube A j 40 
Weight of tube A + Potassium Chlorate 
(a) Weight of Potassium Chlorate x 2.45 
Weight of basin + glass rod : 41.06 
Weight of basin + glass rod + Potassium Chloride .o 42.57 
(b) Weight of Potassium Chloride , 1.51 
Weight of Oxygen by difference ‘‘a’”” — ‘‘b”’ ; 0.94 
Weight of tube C ; 14. 23 
Weight of tube C + Manganese Dioxide ‘ 14.33 .33 
Weight of Manganese Dioxide . 0.10 .10 
Filter paper 1 = Filter paper 2+ ; 0.00 0.020 
Filter paper 1 + Manganese Dioxide = Filter paper 2+ ‘ 0.09 0.115 
Weight of Manganese Dioxide recovered ‘ 0.09 0.095 
Volume of Oxygen, cc. 750 750 
Temperature, °C. 14 16 
Atmospheric pressure, mm. 735 732 
Pressure of Aqueous Vapor, mm. 12 13.5 
Volume of Oxygen at N.T:P., cc. 679 672 
Calculated weight of Oxygen, g. 0.923 0.970 0.96 


These data give results in fairly close agreement with the extremely ac- 
curate data upon which the following equation is based: 


2KCIO; —> 2KCl + 30, 
2(39 + 35.5 + 48) —> 2(39 + 35.5) + 3(32) g. 3 X 22,400 ce. 
245 g. 149 g. 96 g. = 67,200 cc. 


Using 1/100 of the weight of chlorate, the figures obtained were, 1.49, 
1.51, and 1.47 as against 1.49 g. potassium chloride and by weight difference, 
0.96, 0.94, and 0.98 as against 0.96 g. oxygen; and by weight calculated from 
volume of gas, 0.92, 0.97, and 0.96 as against 0.96 g. oxygen. 

The loss in weight (0.01-0.02 g.) of manganese dioxide is due mainly to 
its not being all retained in the first filter paper. 
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First-year students perform part of this experiment as an exercise in the 
determination of the ratio KCIO; : KCl, simply mixing the chlorate and 
manganese dioxide in an ordinary test tube before heating and omitting 
the collection of oxygen. 


APPARATUS FOR ILLUSTRATING THE ARC METHOD FOR THE 
FIXATION OF NITROGEN, AND ALSO FOR THE FORMATION OF 
OZONE 


HARRY CLIFFORD DOANE, GRAND RAPIDS JUNIOR COLLEGE, GRAND Rapips, MICHIGAN 


In the JouRNAL OF CHEMICAL EpucaTION for March, 1931,* appeared 
an interesting article describing an apparatus for illustrating the fixation of 
atmospheric nitrogen, which makes use of dry cells with a spark coil from 
a Ford automobile. The apparatus here described, and shown in the 
accompanying cut, uses 
current from the 120-volt 
lighting circuit with a 
transformer such as is 
used for neon tubes, a 
much more convenient 
method than the one 
which makes use of bat- 
teries for the current. 

The transformer is 
mounted on a wooden 
base, with switch and 
double binding posts. A 
three-neck Woulfe bottle is fitted with two quarter-inch brass rods passing 
through rubber stoppers. Inside the bottle the rods are so bent that the 
somewhat sharpened ends are about one-half inch apart. The other ends 
are fitted with binding posts. The apparatus can be quickly connected, 
and is ready for use at a moment’s notice. After the current is turned on 
the brown color of nitrogen dioxide soon appears. 

To show the formation of ozone replace the cork in the center with a two- 
hole stopper carrying two tubes, one of which extends nearly to the bottom 
of the bottle, and the other just through the stopper. The bottle is filled 
with oxygen by connecting the longer tube with a source of oxygen. A 
strip of starch potassium iodide paper is suspended in the bottle. The 
paper quickly becomes purple after the current is turned on. 

The transformer used gives 15,000 volts and will form a three-quarter 
inch spark. It costs about eight dollars. 

* WitiiaMs, “Fertilizer from the Air. A Project for Chemistry Students at the 
Secondary-School Level,” J. CHem. Epuc., 8, 462-70 (Mar., 1931). 

















AN APPARATUS FOR MAXIMUM OR MINIMUM BOILING-POINT 
STUDY 


Ear H. Brown, ANTIOCH COLLEGE, YELLOW SPRINGS, OHIO 


The experiment involving the study of maximum or minimum boiling- 
point mixtures is generally carried out as follows: The apparatus is ar- 
ranged for ordinary distillation. Successive samples of the mixtures are 
slowly distilled and samples of distillate and residue collected correspond- 
ing to the various boiling points. The samples withdrawn are then 
analyzed and the mole fractions plotted against the boiling points. The 
object of the sampling is to obtain a small amount of the vapor and the 
liquid phases which are at equilibrium with each other at a known boiling 
point. The distillate coming over at that particular moment should have 
as nearly as possible the same composition as the vapor phase. For this 

purpose it is desirable to 
make the stillhead and 
condenser rather short to 
avoid as far as possible 
any time lag in the con- 
densation of the distillate 
sample. 

. In the arrangement of 
apparatus described above, 
which is that described in 
at least two widely used 

< laboratory manuals of 

physical chemistry,* the 
error due to differences in composition of the vapor phase in different 
parts of the system is not eliminated. 

The following is a description of an apparatus (see illustration) which 
permits the collection of samples of distillate in equilibrium with the residue 
at-any temperature within the range of boiling points of the liquids used. 
The condenser consists of a tube (A), the opening at one end (B) being at 
the side rather than at right angles to the axis of the tube." The condenser 
is arranged so as to reflux the liquid with the opening (B‘ down. The dis- 
tilling flask (C) consists of a 500-cc. round-bottomed flask to which is sealed 
a side tube (D). To remove samples of residue and distillate, the source 
of heat is removed and the condenser (A) rotated 180° on its axis. The 
vapor in the reflux condenser (in equilibrium with the liquid) condenses 
and collects in the cup formed when the opening (B) of the tube (A) is up. 


C) ] 








») 





* MacK AND FRANCE, “A Laboratory Manual of Elementary Physical Chemistry,” 
Ist edition, D. Van Nostrand Co., New York City, 1928, pp. 78-80. DANIELS, MATHEWS, 
AND WILLIAMS, “Experimental Physical Chemistry,” 1st edition, McGraw-Hill Book 
Co., New York City, 1929, p. 59. 
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The thermometer is then removed and samples of both distillate and resi- 
due can be taken with a pipet through opening D. 

The author has made use of this apparatus in his laboratory sections in 
physical chemistry for two years and finds that it is easier to set-up and 
manipulate than the apparatus ordinarily described for the same purpose. 
The boiling point becomes constant for each mixture and the temperature- 
composition curves have thus far been better than those obtained with the 
ordinary distillation method. 


A DEMONSTRATION OF COOLING BY EVAPORATION 


SAUL S. HAUBEN, BROOKLYN TECHNICAL HIGH SCHOOL, BROOKLYN, NEw YORK 


One of the common methods in use for the removal of ether from extrac- 
tions is by evaporation through the use of the electric fan. If this is done 
on a hot, humid day, one notices that ice forms on the outer surface of the 
dish in which the evaporation is being carried out. This method may well 
be used to demonstrate the principle of the modern refrigerator which uses 
the gases ammonia, sulfur dioxide, or carbon dioxide. 

In experimenting, the following apparatus was used: (1) Petri dishes, 

7 cm. diameter, (2) watch glasses, 10.7 cm. diameter, (3) electric fan, 10 in. 
diameter, 60 cycles, 110 volts, 0.35 ampere. Tap water, temperature 
15°C., was poured into a Petri dish until about two-thirds full. The 
watch glass was placed over the dish with the convex surface touching the 
water. Enough ether to fill the concavity of | 
the watch glass was then added. The fan, 6 
in. away, was then turned on at high speed. Rene 
The ether was replaced as soon as evaporated. 
In all, about 125 cc. of ether was used. Within fifteen minutes, a con- 
cave-convex layer of ice 0.95 cm. in thickness had formed on the convex 
surface of the watch glass. The work was carried on at an open window. 
This experiment was repeated several times with similar results. 

A comparative demonstration may be shown at the same time by evapo- 
rating ether over Petri dishes containing varying amounts of alcohol or 
glycerin added to the water. Smaller amounts of ice or none at all are 
formed, depending upon the amounts of these liquids added to the water. 
This experiment is of value in explaining the use of anti-freezes for automo- 
biles in the winter. The addition of soluble solids or liquids to water or 
other solvents, in definite amounts, causing a lowering of the freezing point 
of the solvent, may also be demonstrated by this method. 

















PRELIMINARY ANNOUNCEMENT, FALL MEETING OF THE 
A. C. S., DENVER, COLORADO 
August 29-September 2, 1932 


The 84th meeting of the American Chemical Society will be held in one 
of the choicest vacation sections of the country and at a time which will 
permit teachers to attend. It is hoped that members and friends of the 
Division of Chemical Education will include Denver in their summer 
plans. The vice chairman and local secretary of our Division, both of 
whom live in Denver, promise a very warm welcome. Members and 
students are invited to address the latter for information concerning special 
accommodations, tourist camps, etc., in the vicinity of Denver. 

The meeting of the Council of the A. C. S. Monday morning will be 
followed by a program of general papers in the afternoon. The program 
of the Division of Chemical Education will be integrated with the other 
features approximately as follows: Tuesday, August 30: morning, 
miscellaneous papers; afternoon and evening, excursion and entertain- 
ment; Wednesday, August 31: morning, miscellaneous papers; noon, 
Divisional Luncheon; afternoon, Senate meeting and business meeting 
of the Division; Thursday: all-day sight-seeing trip. 


Notice to Authors of Papers 


Prospective authors of papers are earnestly requested to codéperate as 
follows: 

1. Submit at once to the secretary of the Division the titles of proposed 
papers and an estimate of the minimum time required for each, exclusive 
of discussion. Please do not delay until the vacation season. In esti- 
mating the time required for your paper, please bear in mind the specific 
request of many members that only abridgments of papers be read, with 
a view to stimulating discussion. 

2. Do not send in a title unless you or your co-author expect to be . 
present to read the paper. 

3. The name, address, and professional connection of the author (and 
co-author) must accompany the title. 

4. As soon as possible, and in no event after August 1, send (1) your 
manuscript and (2) an abstract of about 100 words to the secretary of the 
Division. Papers received after this date will be held over, with the 
author’s consent, for a subsequent meeting. 

5. Organize significant teatures on slides or films or in mimeographed 
form for distribution at the meeting. These devices and, in particular, 
experimental illustrations enhance the value of any paper. (The amount 
of material on any one slide should be strictly limited.) 

6. No paper already submitted for publication in another journal should 
be offered for the program. 

7. Papers read before the Division become the property of the Society 
and, if acceptable for publication, will appear later in the JOURNAL OF 
CHEMICAL EDUCATION. 

8. By vote of the Council of the A. C. S:, papers by American chemists 
who are not members of the A. C. S. shall not appear on the program 
unless they be joint papers with Society members. 


CLIFFORD F. L. Monr, Local Secretary R. A. BAKER, Secretary 
West High School College of the City of New York 
Denver, Colo. 17 Lexington Ave., New York, N. Y. 
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PREMEDICAL REQUIREMENTS IN CHEMISTRY* 


A data sheet for this committee was prepared by the Committee on 
Naming and Scope of Committees. In the investigation of the problem 
and in this report, this sheet has been our guide and has been of great 
assistance. Except for one combination of topics and one addition, we 
have followed it closely. The materials used were reports of the American 
Medical Association, the Third Report of the Commission on Medical 
Education, including the Supplement, Reports of the Bureau of Education, 
numerous college and university catalogs, letters from the deans of prac- 
tically all the approved medical colleges in the United States and Canada, 
letters from professors of physiological chemistry in medical colleges, the 
report of Roy I. Grady, presented at the Buffalo Meeting, and the paper 
of Jack P. Montgomery, read at the Indianapolis Meeting. 

In the following discussion there are, of necessity, frequent overlappings, 
as it is difficult, from the nature of the material, to give a reliable and clear- 
cut cross-section of opinions. The attempt has been made, however, to 
thoroughly analyze the report and it is hoped that, by reference to topics, 
the reader will be able to find readily the information desired. 


(1) Present Rules and Practices Regarding Minimum Subject Matter, 
Including Laboratory Work 


The present published minimum requirements of the American Medical 
Association in chemistry include twelve semester hours, of which eight 
must be in general inorganic chemistry, including four semester hours of 
laboratory work; and four semester hours of organic chemistry, including 
two semester hours of laboratory work. Work in qualitative analysis 
may be counted as general inorganic chemistry. The great departure 
from this rule in practice is revealed in Bulletin 159 of the Committee on 
Medical Education of the American Medical Association. Of seventy- 
seven approved medical schools in the United States, thirty of the four- 
year and two of the two-year schools are listed as requiring the minimum, 
while the remaining thirty-five indicate further requirements. Judging 
by letters received from the deans or other officers, it is indicated that 
twenty-eight of the schools publishing only the minimum requirements 
really require or urge additional preparation in chemistry. In only three 
cases was satisfaction expressed in regard to the present minimum in 
chemistry. Almost without exception the Canadian schools regard the 
minimum as entirely inadequate. 

This feature of the report is emphasized particularly for the benefit of 
those responsible for making up premedical curricula. 


It has always been difficult to plan the work of a student to accom- 
plish the broad cultural and humanistic background, and at the same 
time meet all the specific requirements. At the present time, each 
medical school interprets its own requirements very liberally, and 
frequently accepts students deficient in some of the actual published 
requirements which are not so fundamental; why not, then, simply 
publish what is already more or less of a general policy? 


* A committee report which was approved by the Senate and Division of Chemical 
Education at the New Orleans Meeting, March 30, 1932. The information contained 
therein formed the major portion of the paper presented at the same meeting of the 
A. C. S. by Jack P. Montgomery before the joint meeting of the Divisions of Chemical 
Education, and Biological and Medicinal Chemistry. 
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The medical colleges do not seem inclined to commit themselves to this 
extent and, to be on the safe side, those of us who are responsible for pre- 
medical courses in chemistry should be informed of their general intentions 
and strike as happy an average as we may. 


(2) The Question of Organic Chemistry in Addition to the Required 
Four Semester Hours 


Forty-one medical colleges appear to be quite satisfied with the present 
requirements in organic chemistry. Some of the deans, and other officers, 
of these schools have written that in the four-hour course, both aliphatic 
and aromatic divisions should be included. Representatives of five of 
these schools feel that if the course is limited to four hours, the work should 
be didactic in character, and that laboratory work should not be included 
unless it is different from the usual organic preparations type. This 
will be referred to again under (6). Twenty-nine colleges require ad- 
ditional hours in organic chemistry, and thirty-six desire a greater prepa- 
ration. While the question remains unanswered in part, there is a clear 
indication that, unless the four-hour course is carefully planned to include, 
rather intensively, both aliphatic and aromatic divisions, additional hours 
are absolutely necessary for adequate preparation. 


(3) The Question of Quantitative Analysis 


At the present time, only fifteen medical colleges absolutely require 
quantitative analysis, and two plainly state that they do not even desire 
it, but, on the other hand, forty express a decided preference and state 
that it is a necessary adjunct to the study of physiological chemistry. 
In two cases it was suggested that a combination of organic and quanti- 
tative would be desirable, the eight-hour organic course being altered in 
such a way that the time usually given to organic preparations be devoted 
to volumetric analysis. In this connection, the desire that the volumetric 
and colorimetric aspects of quantitative be stressed was volunteered by 
representatives of eleven medical colleges. 

It appears, therefore, that from two to four semester hours should be 
included in the minimum requirements. 


(4) The Question of Physical Chemistry 


None of the medical colleges require physical chemistry at present, and 
six say that it is entirely useless for their purposes. It seems to be the 
case, however, that in a number of medical colleges a part of the time at 
the beginning in physiological chemistry is devoted to those phases of 
physical chemistry which will illuminate and make clearer the physio- 
logical chemistry course. In order to avoid this waste of time, and as a 
preparation for physiological chemistry, some kind of physical chemistry 
is desired by fifty-three medical colleges, but there is an ever-recurring 
criticism of the content of the physical chemistry course as usually given. 
A course which is less mathematical, more explanatory, and more spe- 
cifically directed toward the study of biochemistry seems to be desired. 
On the other hand, there are a few who would like to see a much more 
rigorous course. 








oe em ek | hk Le oe 2 eee 





1932 Vou. 9, No. 6 COMMITTEE REPORT 1119 


his It appears that a special course in physical chemistry for premedical 
re- students should be included under the suggested courses, but that no 
ons physical should be required at the present time. 
. (5) What Approved Medical Schools Expect and Desire Their Freshman 
ed f Students to Know in Chemistry 

In general, a four-year medical course is divided about equally between 
nt pre-clinical and clinical instruction. Physiological chemistry is given in 
rs, the pre-clinical period and, when thoroughly learned, becomes the portal 
tic to all the chemical aspects of the remainder of the course. It has become 
of very important, therefore, for the freshman in medical school to be able 
Id to carry on well from the beginning in physiological chemistry. This 
~ means that the medical school may well expect the freshman to be suffi- 
us ciently prepared in chemistry to do satisfactory work in physiological. 
d- To quote a prominent dean, ‘The relationship which chemistry bears to 
a- an accurate study of metabolic and other diseases and to research makes 
ad a comprehensive knowledge of the subject particularly valuable and de- 
e sirable.’”’ Another dean says, ‘‘Many of the important advances made in 
S medicine in the past twenty years, and those still in progress, are in the 


field of biochemistry, and much of modern medicine is, to a large extent, 
applied biochemistry. We, therefore, regret the increasing difficulty in 
teaching biochemistry because of the fact that students are inadequately 
prepared.” Other comments along the same lines may be summarized 
to mean that the medical schools expect and desire their freshmen to 
have about the following equipment in chemistry: 


: (1) An intellectual appreciation of chemistry as a science in its 

: universally useful aspects. 

(2) Thorough grounding in those principles which are most general 
in their applicability, resulting in a unification of the entire 
chemistry course. 

(3) Adequate training in outstanding theories, not as a means of 
“explaining” facts, merely, but as a useful method of de- 
veloping the quality of comprehension. 

(4) An ever-increasing ability to blend the contributions of chemistry 
with the contributions of other sciences in his appreciation of 
life processes. 

(5) Appreciation of the quantitative method in developing a sense 
of proportion and in increasing technical skill in the use of 
apparatus for measurement and control of conditions of 
measurement. 

(6) The realization that, although his previous training may have 
been quite broad, much of what he has learned is now ready 
to be profitably applied to and incorporated with his acquisi- 
tion of physiological chemistry. 


(6) Recommendations of the Outlines of the Contents of Courses 


In discussing the content of premedical chemistry courses, we are 
certainly upon safe ground if we assume that the teaching should result 
in a contribution to general education and educative processes quite as 
much as in meeting the needs of premedical training, and yet there are 
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insistent demands that separate sections be organized for premedical 
students. It seems to be the decided opinion that the chemical training 
of premedical students has not been given sufficient attention. It is 
deplored that the custom seems to have been adopted of forcing these men 
through a routine set of courses primarily planned for those who intend to 
become chemists. Yet, running through these appeals for courses more 
specifically premedical, there is the insistent demand that broadness in 
educational outlook shall not be sacrificed. Many are of the expressed 
opinion that the character of instruction given is of far greater importance 
than the number of required hours in so many subjects. Unification of 
interest, sequential development, deep comprehension of principles, and 
the quantitative attitude are greatly to be preferred to diverse interests 
in following routine procedures which may cause the student to be “‘lost 
in the mazes of a spurious accuracy.”’ 

General Inorganic Chemistry.—Motivation certainly should not be 
from the standpoint of the particular interest of the teacher, the former 
methods of the department, or application to industry, but more as a part 
of general education, directed to the specific blending with medical educa- 
tion. The ideal should be to overcome the lack of initiative and sense of 
responsibility for their own education which many students reveal, and 
to lead them to think for themselves, to the end that they will not fail 
in the retention of knowledge of fundamental principles and facts, or in 
the utilization of what is retained when encountering new relationships 
and applications in later work. 

The course should be at least an eight-semester-hour one, with half the 
credit time devoted to laboratory. Stoichiometry should be included to 
a sufficient extent, that the student may begin to appreciate the quanti- 
tative attitude. Some of the concepts of physical chemistry should be 
introduced, and their exposition made a part of the laboratory work. 
Instead of many details and facts, comprehension of general principles 
should be stressed. The class work should be largely in the non-metallic 
field. The last half of the laboratory work may well be largely in quali- 
tative analysis, but a few quantitative exercises should be introduced. 
Energy relations should be included sufficiently to impress the student 
that chemistry is not merely the study of matter. 

Organic Chemistry.—If, as is frequently the case, organic chemistry 
is taken in the second year, motivation may well be directed along two 
lines, making it as far as possible a continuation of general chemistry, and, 
specifically, an ‘‘illumination of chemical constitution, whereby there are 
established genetic relationships between apparently diverse substances 
and the demonstration of repetition in types of union, in substituent groups, 
in types of reaction, and in application of theories.’’ Some of the concepts 
of physical chemistry may be given new applications, and the quantitative 
attitude should be further developed. 

At the present time it seems unwise to insist upon more than a four- 
semester-hour course, when both aliphatic and aromatic divisions are 
included, but premedical courses should provide an additional four hours 
where possible. Certainly, when it is known that large numbers of stu- 
dents in the premedical course may apply to medical colleges requiring 
or desiring eight hours, the course should be given. As to laboratory 
work, the desired allotment seems to be that half the credit hours shall 
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be devoted to that phase of the course. Organic preparations merely 
seem to be of little value unless each one illustrates a valuable principle. 
Rather let the laboratory part be an integral illustrative item of the di- 
dactic work. A few suggestions have been made that we may well sub- 
stitute physical chemistry or quantitative analysis for organic laboratory. 

Quantitative Analysis.—Quantitative analysis for premedical students 
should be largely volumetric, and may serve the triple purpose of further 
unification in and appreciation of the former courses, further exposure to 
some of the concepts of physical chemistry, and direct preparation for 
some of the laboratory procedures of physiological chemistry. Routine 
methods must not be allowed to rout comprehension, but a reasonable 
accuracy must be demanded. The ideal is to deliver the student to the 
instructor in the physiological chemistry laboratory with a knowledge not 
only of how, but of why and when to proceed. 

At least two semester hours, but preferably four, should be included 
in the premedical course. 

Physical Chemistry.—Many comments upon physical chemistry are 
to the effect that, as now given in most colleges, it is useless to the medical 
student. At the same time, there is a recurrent demand that the physical 
chemistry viewpoint as applied to biochemistry be given in as large measure 
as is possible. A few suggestions have come that an entirely different 
kind of physical chemistry course ought to be introduced especially for 
premedical students. A much wider view seems to be that it is possible 
to give the premedical student all the physical chemistry needed if general 
inorganic, organic, and quantitative chemistry are unified from the physical 
chemistry standpoint. 

It is not recommended that physical chemistry as it is now given be 
included in premedical courses. On the other hand, it is urged that 
attention be paid to the suggestion of unifying the entire course on the 
basis of the concepts of physical chemistry. 


(7) The Desirable Minimum Requirements 


Instead of the present published minimum of the A. M. A., the following 
seems more desirable. 
General Inorganic Chemistry, eight semester hours, of which half the 
credit hours shall be in laboratory work, including qualitative analysis. 
Organic Chemistry, six semester hours, provided the work includes 
both aliphatic and aromatic divisions, but eight hours are to be preferred. 
Of the credit hours required, from one-fourth to one-half shall be in labora- 
tory work. 
Quantitative Analysis, three semester hours, of which two credit hours 
shall be in the laboratory work. 
Committee on Premedical Requirements in Chemistry, 
Division of Chemical Education of the A. C. S. 
Jack P. Montcomery, Chairman 
R. I. GraDy 
F. C. IRWIN 
E. E. REID 
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PARACELSUS AND THE DISCOVERY OF HYDROGEN 


DEAR EDITOR: 

In the paper by Mary Elvira Weeks on “The Discovery of the Elements. 
IV. Three Important Gases,’’ published in the February, 1932, number 
of THIS JOURNAL,' the extremely questionable statement is revived in 
connection with the discovery of hydrogen, that Paracelsus “noticed the 
effervescence that occurs when iron is treated with dilute sulfuric acid, 
and mentioned in his ‘Archidoxa’ that ‘Luft erhebt sich und bricht herfuir 
gleichwie ein Wind,’”’ reference being made to Kopp’s ‘‘Geschichte der 
Chemie.’’? Kopp in 1845 accepted the statement, without confirmation, 
on the authority of Hoefer, who gave it forth in his ‘‘Histoire de la Chimie,’’* 
quoting as reference Huser’s first edition (1589) of the Works of Para- 
celsus.4 Thirty years later, in dealing with the discovery of the compo- 
sition of water, Kopp stated® that he could not then consult the edition 
of Paracelsus which Hoefer mentioned, but that in Huser’s Strasburg 
edition of 1616 he was not able to find any confirmation of the statement, 
and he mentioned further that at the place in the ‘‘Archidoxa”’ from which 
the above quotation is derived, there is no mention of interaction of 
sulfuric acid with a metal, or of either of these substances themselves. 

This question is dealt with at considerable length by Stillman® who 
quotes the relative passage from Paracelsus and gives a translation of it, 
but this author, like Kopp, referred to the 1616 Huser edition and was 
therefore, presumably, unable to consult the 1589 edition. As it did not 
seem altogether satisfying to leave the matter without verification of the 
original reference, and with a view to putting Kopp’s finding beyond 
all doubt, a photographic copy of the actual page referred to by Hoefer, 
in the 1589 edition, was obtained from the Bodleian Library at Oxford. 
Here is the passage concerned, copied letter for letter: 


1 J. Cue. Epuc., 9, 215 (1932). 

2 Kopp, “Geschichte der Chemie,’”’ III, 1845, 260. 

3 HOEFER, “‘Histoire de la Chimie,’’ II, 1843, 16; 2nd edition, II, 1869, 12. 

4 Biicher und Schriften des edlen, hochgelehrten, und bewehrten philosophi medici, 
Philippi Theophrasti Bombast von Hohenheim Paracelsi genannt; jetzt aufs neu aus 
den Originalien und Theophrasti eigener Handschrift, soviel dieselben zubekommen 
gewesen, aufs trefflichst und fleisigst an Tag gegeben, durch Joannem Huserum Bris- 
goium, Bale, 1589, Vol. 6, p. 12. 

5 Kopp, “Beitrage zur Geschichte der Chemie,’ Braunschweig, F. Vieweg und 
Sohn, 1875, III, 241 (1875). 

6 Srmiman, “‘The Story of Early Chemistry,” D. Appleton & Co., New York City, 
1924, pp. 357-60. 


1122 











a gS Aas ee oS ie, ee ee, ee 





ey ee ee ad 


ao - 








Vo. 9, No. 6 CORRESPONDENCE 1123 


So merck das die Elementen in der Scheidung gefunden werden gleich in 
der gestalt unnd form wie sie an den wesentlichen Elementen seind. Dann 
der Lufft erzeiget sich gleich dem Lufft und ist nicht zu befassen als ettliche 
in thren gemiuttern vermeinen, Aus der ursachen das in dem Instrument 
der Scheydung der Lufft sich’ erhebt und herfur bricht gleich wie ein Wind 
unnd etwan mit Wasser aufffehret etwan Erdtrich etwan Fewer. Dann ein 
sondery wunderbarliche auffhebung ist im Lufft. Als wann auss dem 
wesentlichen Element Wasser soll der Lufft gescheiden werden als dann 
geschicht durch das sieden: Unnd sobald es seudt so scheidet sich der Lufft 
vom Wasser und nimpt mit sich die leichtist substantz vom Wasser; Unnd 
soutl das Wasser gemindert wird also nach seiner Proportion und quantitet 
wird auch gemindert der Lufft. 


This passage is virtually, but not absolutely, identical with that quoted 
by Stillman. It may be translated as follows: 


Observe therefore that the elements are found in the separation the 
same in their shape and form as they are in the essential elements. 
For the air shows itself like air and is not to be grasped as some imagine 
in their minds. For the reason that in the instrument of separation the 
air arises and breaks forth like a wind and ascends perhaps with water, 
perhaps earth, perhaps fire. For there is a specially remarkable uprising 
in the air: as when, from the essential element water, air is to be sepa- 
rated which takes place by boiling: And as soon as it boils, the air sepa- 
rates from the water and takes with it the lightest substance of the 
water: And as much as the water is diminished, the air, according to its 
proportion and quantity, is also diminished. 


With regard to the expression “Instrument der Scheydung’’ in the 
quotation, there is some doubt as to its significance. While it is rendered 
literally as ‘instrument of separation’’ in the above translation and is 
discussed by Stillman as possibly referring to “the operation of parting 
in assaying; possibly meaning ‘‘only the separation of air from water by 
boiling,’ the opinion of Dr. O. Schlapp, lately Professor of German in the 
University of Edinburgh, is that it really stands for ““Moment der Schey- 
dung”’ and, if so, the translation should read ‘‘at the moment of separation,’ 
which seems to fit in more appropriately with the context. Independent 
support for Professor Schlapp’s opinion seems to be afforded by the fact 
that the word ‘‘Instanz’’ occurs, instead of “Instrument,” in an earlier 
edition of Paracelsus, published at Strasburg in 1570.’ 

The word which is printed ‘‘aufffehret’” in the quotation, appears in 
Stillman’s transcription as “‘aussfehret.”’ In the 1589 original it has quite 
distinctly “ff” followed by ‘‘f’. The 1570 edition has ‘‘auffehrt.’’ 


7 Archidoxa Philippi Theophrasti Paracelsi Bombast des hocherfahrnen unnd 
beriihmtesten Philosophi und beyder Arznei Doctoris von heymligkeyten der Natur 
Zehen Biicher. Getruckt zu Strassburg durch Theodosium Rihel. Vorred.... Michael 
Toxites, Medicus Argentoratensis. Geben zu Strassburg den 28 Jan.: 1570. Das II 
Buch. (This book has no pagination: the passage concerned is on the eighth page.) 
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In view of what is stated in the foregoing, it appears to be desirable 
that the assertion that. Paracelsus observed the evolution of hydrogen 
during the interaction of sulfuric acid with iron or other metal should be 
permitted to disappear from current literature. 

LEONARD DOBBIN 
BLACKSHIELS, SCOTLAND 


BALANCING CHEMICAL EQUATIONS 


DEAR EDITOR: 

The last few numbers of the JOURNAL OF CHEMICAL EDUCATION have 
contained several letters concerning various methods of balancing oxida- 
tion-reduction equations. Since the inquiry of A. W. S. Endslow [J. 
Cuem. Epuc., 8, 2453 (Dec., 1931) ] there have been nine letters on the sub- 
ject. Four of these make no attempt to give Mr. Endslow the information 
he asked for, namely, references to published work on the algebraic methods 
of balancing equations. Instead they give detailed methods of balancing 
equations which in most cases have long been known and used. 

All of the methods are based on the idea of arbitrarily assigning valences 
or oxidation numbers to individual atoms in the molecules which react and 
are produced. The equation is then balanced by considering the changes 
in valence which occur during the reaction. That such assignment is 
purely arbitrary from the point of view of balancing the equation may be 
shown by fixing the valence of, say, the nitrogen and allowing that of the 
oxygen to change. The following equation results. 





| loses (2 X 3) | 


0 +1 +5 -2 +2 +5-2 +5 -5 +1 -2 
3Cu + 8HNO; = 3Cu(NOs;)2 + 2NO + 4H,O 
| gains (3 X 2) | 





One may assign any numbers whatever so long as the sum of all the va- 
lences equal zero for a compound or equal the charge if an ion is considered. 

The methods run into difficulties when such constituents as H.Os, 
SCN~-, NH;OH, etc., are present. Valences must be assigned to sulfur, 
carbon, nitrogen, etc., and this is often difficult, at least for beginners. 

Jette and LaMer in their so-called ‘‘ion-electron’’ method [J. Cuem. 
Epuc., 4, 1021, 1158 (1927) ] have avoided this difficulty by considering the 
loss or gain of electrons when an oxidation or reduction reaction takes place. 
Thus, for the above reaction, 


3Cu = 3Cutt + 3(2e) oxidation 
2NO;~ + 8H* = 2NO + 4H,0 — 2(3e) reduction 
3Cu + 2NO;~ + 8H* = 2NO + 4H,0 + 3Cutt 








complete 
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The advantage of this method is more apparent when the reaction between 
HO. and MnOQ,°7 is written. 





2MnOQ,~ + 16H*+ = 2Mn*+t + 8H20 — 2(5e) reduction 
5H20, = 50, + 10H* + 5(2e) oxidation 
5H20. + 2MnO,~- + 6H*+ = 2Mnt* + 8H.20 + 50, complete 


Nothing is said about the valence of any single atom yet it is obvious that 
when the first reaction takes place, ten electrons are gained and that the 
ten are lost when the second reaction occurs. 

The advisability of teaching any of these more complicated methods 
to elementary students who do not expect to major in chemistry may be 
questioned. However, the students who do expect to go on might well be 
taught a method which will find application in all their later work. Those 
who object that the newer methods are too difficult are cited to the Edi- 
torial, ‘Of Cabbages and Kings,” which appeared in the very same number 
(December, 1931) that contained the letter starting this discussion. 

Yours truly, 
GRANT WERNIMONT 


PURDUE UNIVERSITY 
LAFAYETTE, INDIANA 


DEAR EDITOR: 

Regarding the discussion of balancing chemical equations in recent issues 
of the JOURNAL OF CHEMICAL EpucarTION, I would like to make some com- 
ments for publication which will amplify my statement on this subject in 
the May issue. 

In any oxidation-reduction reaction, the important point is that oxida- 
tion and reduction must occur together and to the same extent. As oxida- 
tion and reduction is the loss and gain of electrons, respectively, then the 
numbers of electrons lost (oxidation) must be equal to those gained (reduc- 
tion). By writing the oxidation and reduction reactions separately and 
multiplying each so that the electrons lost and gained are equal, the final 
equation is obtained by adding the two separate equations. This method, 
the ion-electron method, is superior to the valence-change method not only 
because it is consistent with the fact that ions are in solution, but it also 
gives information as to the acidity of the solution. For instance, the reac- 
tion between Bi+++ and HSnO,.~, which is written and balanced by the 
ion-electron method as follows: 

2 X Bitt+ + 3e = Bi 
3 X HSnO,- + 30H- — 2e = SnO;-- + 2H20 
2Bit++ + 3HSnO.- + 9OH~ = 2Bi + 6H.O + 35n0;-— 





not only shows what ions are involved and how much, but also that OH~ 
is necessary for the reaction. But if the valence-change method is used, 
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the only information gained is that Bit++ —~ Bi and Sn+*+ —> Sntttt, 
If one is to follow the latter method, it should be expected that adding Snt+* 
as SnCl, to a bismuth solution (Bit++) would give the same result, viz., 
the reduction of Bit+* to Bi. However, if the experiment is carried out, 
there is no reaction. This result can be explained on the basis of too high 
H+ or too low OH-. If OH@ is added in the form of NaOH, the reaction 
proceeds as expected. Thus the question of acidity of the solution, which 
often is very important in oxidation-reduction reactions, is answered when 
the equation is balanced by the ion-electron method, but not by the valence- 
change. 
Very truly yours, 
Lreo LEHRMAN 


Tue COLLEGE OF THE CITY 
oF NEw YorK 


























APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 





A simple apparatus for distillation of mercury. M. 
KLEIBER. Science, 75, 196 (Feb. 12, 1932).—A simple ap- 
paratus is described which j is said to distil 25 cc. of mercury 
per hour and is vapor proof. It consists of a pyrex distil- 
lation bulb b (see sketch), attached to a U-tube. Both the All| 

b * 


A a 
SJ 


lower end of the U-tube and bulb are attached to 3 mm.- 
barometer tubing. Each barometer tube is placed inside 
of the larger tube (sketch). The tube on the left contains 
impure mercury; the right tube has an outlet to the receiver. 
The distillation bulb is heated electrically by a simple coil of 
resistance wire (320 watts was used). Wire is wound from 
the mercury level to the top of the U-tube. To begin distil- 
lation suction is applied at s (from small filter pump) so 
that mercury rises in both tubes. When the mercury level 
reaches the resistance wire the current is turned on. After 
distillation has proceeded for few minutes the pump may be 
disconnected and the tube s sealed off. G. H. W. 7) 

A new air drier for analytical balances. E. LOwEN- : 


~ 





STEIN. Chem.-Zig., 56, 27 (Feb. 13, 1932).—In order to get 
accurate results when weighing it is necessary to get not only 
a good temperature equalization between the substance to be 
weighed and the interior of the balance but also a uniform y 
and low aqueous tension of the atmosphere and of the sub- 
stance. If the object had been dried in a desiccator and the 
air in the balance is not dry, moisture will deposit on the 
object and thus lead to inaccurate results. The vapor pres- 
sure of the drying agent must not be lower than that of the 
substance. Phosphorus pentoxide may sometimes remove 
molecularly combined water in addition to absorbed mois- 
ture. Calcium chloride and sulfuric acid which are com- 
monly used have certain disadvantages. The former tends 
to form lumps at the top. These lumps are not drying agents 
any more and in addition prevent the access of moisture to 
the lower fresh layers. The upper layer of concentrated sul- 
furic acid will soon be covered with a thin layer of diluted 
acid which naturally has a higher vapor pressure than the 
concentrated acid and the substance to be 
dried, and hence, deposits water onto the 
substances instead of removing it. The new 
perforated air drier (shown in the figure) 
which is filled with silica-gel does away with 
the disadvantages stated above. The pieces 
of gel have a diameter of 2-6 mm. They can 
be regenerated by heating in a current of 
air at 130-150°C. The gel absorbs 23% of 
its weight of moisture without structural 
alteration. The drier proper is perforated 
and is ordinarily kept in the balance case. When not in use for a period of time it is 
placed in the box. The drier can also be used to dry air in various other pieces of 
apparatus. L.§. 
Anti-bump laboratory glassware. Chem.-Ztg., 56, 137 (Feb. 17, 1932).—When 
using ordinary beakers and flasks there often occurs a delay i in boiling and the subsequent 
well-known ‘“‘bumping.”’ Glassware is now on the market in which this cannot occur. 
It is particularly useful in distillations with and without vacuum and in nitrogen de- 
terminations. L.S. 

A vacuum technic for the chemist. K. Hickman. J. Frank. Inst., 213, 119-54 
(Feb., 1982).—A communication from the Kodak Research Laboratories. It discusses 
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vacuums, and what constitutes a good vacuum as considered for each operator; applica- 
tions of vacuum in chemistry; vacuum distillations in the laboratory; various types of 
fractionating columns; retention and measurement of low pressures; vacuum assemblies 
and vacuum pumps in distillation and drying processes. There are 19 excellent illus- 
trations. J HOG. 
The quantitative determination of ammonia without distillation. P.Sors. Chem.- 
Ztg., 56, 156 (Feb. 24, 1932)—The method described is particularly adapted for the 
determination of ammonia in ammonium salts. Buffers, salts of heavy metals, saponi- 
fiable substances, and substances which become colored on boiling with a base must be 
absent. Neutralize the ammonium salt in an Erlenmeyer flask using methyl orange or, 
better, p-nitrophenol. Adda known excessof base. Carefully boil the solution. When 
the vapors give no more test with red litmus paper wash down the inside of the flask and 
by titration determine the amount of residual base which is a direct measure of the 
quantity of ammonia originally present. If p-nitrophenol is used it is better to add 
first a known excess of acid and then titrate back with base as the change from colorless 
to yellowish green is more sensitive than the opposite change. Las: 
Systematic qualitative analysis with the help of many new reactions. (In Dutch). 
C. J. VAN NIEUWENBURG. Chem. Weekblad, 1932, pp. 114-9.—The author describes in 
some detail systematic methods for qualitative analysis. The general separations do 
not vary from the conventional, although 2 N potassium hydroxide is used to dissolve 
the arsenic, antimony, and tin which had been precipitated as sulfides. The methods 
suggested for the identification of the metals are interesting on account of the numerous 
color tests using organic reagents. POR D. 


KEEPING UP WITH CHEMISTRY 


The packing of spheres. L. Pautinc. Chem. Bull., 19, 42 (Feb., 1932).—There 
are two ways of close-packing equivalent spheres, one with cubic and the other with 
hexagonal symmetry. ‘In every close-packed structure each sphere is in contact with 
twelve others, a hexagon of six in the same plane, and a triangle of three above and 
below. In hexagonal close-packing the upper triangle has the same orientation as the 
lower triangle, and in cubic close-packing it is rotated through 60°.’ The author dis- 
cusses the close-packing of ionic and metal crystals. ARE 3 

Some modern developments of organic chemistry. D. E. Worrati. Rept. New 
Eng. Assoc. Chem. Teachers, 33, 98-103 (Mar., 1932).—Synthetic organic chemistry in 
the United States, broadly speaking, is indeed modern, dating back to the period of the 
Great War. In 1914 when war broke out in Europe we were dependent on outside 
sources for such finished products as salvarsan, novocaine, and other drugs, as well as 
many of the most important dyes, but such important raw materials as phenol, benz- 
aldehyde, and similar compounds were imported. At the present time not only are these 
materials manufactured in such quantities that exportation is possible, but also new 
products and new processes have been discovered. Moreover, new and important uses 
have been found for substances hitherto regarded as chemical curiosities. Several 
illustrations given. OG. 

Investigation of the setting of plaster of Paris. C.S. Gipson AND R. N. JOHNSON. 
Chem. & Ind., 51, 25T-38T (Jan. 22, 1932).—This paper includes the results of a sys- 
tematic study of the effects of conditions of mixing and of accelerators and retarders on 
the rate of setting and apparent expansion of plaster of Paris. BR. W. 

Benzyl cellulose: a new British plastic. ANon. Chem. Age, 26, 156 (Feb. 
20, 1932).—This plastic is manufactured by the action of benzyl chloride and caustic 
soda on cellulose. The material has unique chemical and electrical stability, it is im- 
permeable to moisture and is non-inflammable. E. R. W. 

Practical sensitometry. H. Baines. Chem. & Ind., 51, 175-9 (Feb. 26, 1932).— 
The intensity-scale and time-scale methods for measuring the light-sensitive properties 
- of a photographic material are discussed. oR. WwW 

Fat hydrogenation. E.F.Armstronc. Chem. & Ind., 51, 92-4 (Jan. 29, 1932).— 
There have been few greater achievements on the chemical side of food production than 
the perfection of the various processes which have made almost any oil or fat available 
for margarine or other edible products. Many of these products are, however, not the 
biological equivalent of butter, chiefly because of the lack of vitamins D and A. 

E. R. W. 

Breaking the world’s radium monopoly. D. L. Watson. Sci. News Letter, 21, 
104-5 (Feb. 13, 1932).—Radium deposits have been discovered in Northern Canada, 
which are as rich in radium content as the Belgian Congo ores. Valuable silver and 
uranium ores have also been found. 
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Radium strike in Canadian wilds. C. McLeop. Pop. Sci., 120, 17-9 (Apr., 
1932).—It is labeled ‘‘a rich man’s rush” because it almost has to be made via airplane. 
In the vicinity of the Great Bear Lake, almost on the shores of the Arctic Ocean, and as 
far by airplane, 1300 miles, as from Denver to Seattle from the nearest railroad station 
it is only those with more than the usual prospector’s grubstake who could afford to 
attempt it. The author states, ‘“‘The cost of transporting food and prospecting equip- 
ment into the Great Bear Lake country is $1.50 per pound and I knew I would need the 
better part of a ton of materials.” 

There are four stages to prospecting in this region: The first is done from the air. 
This is possible because the barren country makes apparent the richly colored mineral- 
ized rock even from the air. The second is surface search for the leads spotted from the 
air. The third uses trench cutting to establish veins of ore, and the last uses drilling 
with cylindrical diamond-set drills to secure mineral cores for assay for mineral worth. 

Already some twenty tons of prospect radium ore have been shipped out and it is 
estimated there are two and one-half grams of radium in the shipment. At current 
prices of $50,000 per gram it can be seen that the mineral worth of that ore is as much as 
$5000 per ton. 

“‘Pitchblende contains uranium oxide, and radium is formed by decay, through count- 
less years, of uranium. No one need hope to find radium in visible masses, because after 
eons of time to form, radium itself decays further . . . into other metallic elements.”’ 
While the black color and great density of pitchblende is usually considered very ac- 
ceptable evidence of the presence of radium, the more certain spinthariscope test is now 
used by the more up-to-date prospector. It enables him to get positive direct evidence 
of radium in his ore. 

In addition to radium the region in question gives very promising evidence of rich 
copper, silver, and gold deposits. The exploitation of these treasures, however, awaits the 
development of the more lucrative radium finds. B-C.B. 

Preservation of corner-stone records. U.S. BuREAU STANDARDS Note. J. Frank. 
Inst., 212, 516-7 (Oct., 1931).—Records from the corner-stone of the recently razed 
Poli’s theater in Washington, D. C., although stored there for only 47 years, were found 
indecipherable. The records had been placed in a zinc box and were found to be wet 
when the box was opened. 

Recently there were placed in the corner-stone of the District of Columbia’s War 
Memorial, the names of 26,048 men of the District who had served in the armed forces 
during the World War. The names were typewritten on paper made in the bureau’s 
paper mill, with every precaution to ensure permanence. The records were sealed in an 
air-tight copper box from which the air had been removed and replaced by nitrogen 
which is relatively inert. The niche containing the box was so arranged that water 
would not drain into it. 

These precautions were drafted by those recently used in Japan to preserve names 
of the victims of the earthquake of 1923. The precautions included the preparation of a 
special paper by the Japanese government paper mill, wrapping of the records with oiled 
silk and asbestos, the use of air-tight fused quartz containers in which the air had been 
replaced with argon gas, as a preservative; the wrapping of the containers with asbestos, 
which was finally covered by carborundum. These precautions against chemical de- 
teriorating agents, fire and physical stresses, are destined to preserve the records for at 
least 10,000 years. Le Ge 

The preparation of emulsions. W. Crayton. Chem. & Ind., 51, 129-39 (Feb. 12, 
1932).—See also Chem. Age, 26, 71-2 (Jan. 23, 1932), abstracted in J. CHEM. Epuc., 9, 
946 (May, 1932). E. R. W. 

The chemist and food. L.H.Lampitr. Chem. & Ind., 51, 83-4 (Jan. 29, 1932).— 
“The complexity of the problem facing the food chemist is as wonderful as any one could 

wish.”” From the time that the natural processes connected with life are stopped, 
chemical changes, some good and some bad, start in. It is the problem of the chemist 
to determine the best conditions of temperature, humidity, etc., for the storing and 
preservation of various foodstuffs. E. R. W. 

The milk industry. J.Gotpinc. Chem. & Ind., 51, 86-8 (Jan. 29, 1932). 

E. R. W. 


Milk pasteurization. H. Raistricx. Chem. & Ind., 51, 88-92 (Jan. 29, 1932).— 
The advantages to be gained from the use of pasteurized ‘milk by the avoidance of the 
risk of epidemics outweighs the possible risk of the destruction of vitamins in the milk, 
since in any case it is desirable to supplement the valuable vitamin content of raw milk 
by the use of orange juice and cod-liver oil. E. R. W. 
Science and the meat industry. T. Moran. Chem. & Ind., 51, 84-6 (Jan. 29, 
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2 ag review of the problems connected with the preservation and transportation 
of meat. 

Soap flotation of the non-sulfides. W.H. CocHitt anp J. B. CLemMeER. Eng. 
Mining J., 133, 136-7 (1932).—The flotation of such ores depends on the proper selec- 
tion and amounts of pine oil, sodium oleate, oleic acid, sodium carbonate, sodium 
hydrate, sodium silicate, etc. In any flotation, the selective flocculation of the mineral 
and the dispersion of the gangue are the first objectives. This depends on the unlike 
surface properties of the respective minerals. Although non-sulfide ores present these 
conditions less often, some have clean mineral grains and yield soap-flotation concen- 
trates. The metallurgical limitations are probably more inherent in the ore than in the 
soap-flotation process. The amount of reagent required rarely exceeds 100 to 150 
parts per million parts of water. Certain ores require a little sulfuric acid in the cleaning 
treatment. G. W.S. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES 


Some applications of the electron theory to valency. R.F.HuNTER. Chem. News, 
143, 357-9, 395-6, 406-8 (1931); 144, 3-4 (1932).—A continuation of the articles pre- 
viously noted. [Cf. J. Cem. Epuc., 9, 570 (Mar., 1932).] F. B. D. 

The isotopes of lithium, sodium, and potassium. K.T. Bainsrince. J. Frank. 
Inst., 212, 317-39 (Sept., 1931).—Part 1: The relative abundance of the isotopes of lithium. 
Magnetic analysis of positive rays of Li from heated spodumene sources shows no change 
with temperature in relative abundance of Li? and Li®. This is in agreement with Aston 
and Moraud but at variance with the results of G. P. Thomson, Dempster, and Huntley. 
Part 2: Positiveion sources. Ions of the alkali metals were produced from heated natu- 
ral mineral silicates of the alkali metals. Part 3: Sodium and potassium have been 
examined for the presence of small amounts of isotopes other than Na?? and K*9 and 
K*!, If Na?! or Na® exist at all, they are present to less than 1/3000 of the main isotope 
and Na”? cannot be present to an extent greater than 1/800 of Na®*. From analyses of 
potassium it is concluded that there is less than one part in 1500 of K‘4*, less than one 
part in 600 of K4?, and less than one part in 300 of K*° in reference to K*9 if they exist 
at all. J, HG. 

Solutions of metals in non-metallic solvents; some of their physical and chemical 
properties. C. A. Kraus. J. Frank. Inst., 212, 537-62 (Nov., 1931)—The alkali 
metals and the metals of the alkaline earths dissolve in liquid ammonia with the for- 
mation of ions. The positive ions are the normal ions of these metals while the negative 
ions are electrons. The physical and chemical properties of these solutions are in accord 
with this view. Metallic compounds when they dissolve in liquid ammonia form ions 
of the normal type. The more electronegative element forms the anions. The metallic 
condition of matter is restricted to matter in a highly condensed state. If the atoms are 
separated, whether in solution or as a vapor, the metallic properties disappear. In an 
ionizing medium, however, the electron retains certain of the properties that it possesses 
in elementary metals. J. 4G, 

Nickel as a catalyst in chemical reactions. P.SaBatTier. Chem. Age, 26, 187-8 
(Feb. 27, 1932).—The catalytic properties of nickel were revealed in 1897 to Sabatier 
and Senderens by the complete conversion of a stream of hydrogen and ethylene into 
ethane. This reaction takes place with the evolution of heat. Sabatier believes that an 
unstable hydride of nickel is formed which then decomposes, liberating atomic hydrogen 
which-is easily available for hydrogenation. Several other interesting examples of the 
catalytic action of this metal are given. E. R. W. 

The status of chromium plating. W.Bium. J. Frank. Inst., 213, 17-39 (Jan., 
1932).—The author summarizes the present status of chromium plating, making no 
attempt to discuss details of the process, but rather giving a bird’s eye view of the 
methods and applications, and especially the limitations and probable future uses. 
Practically all commercial chromium plating is conducted from solution of chromic acid 
containing a small amount of the sulfate. The concentration of CrO; is usually from 
400 g./1. (33 to 55 oz./gal.), and the ratio of CrO;/SO, is from 100 to 200. The baths are 
generally operated at somewhat elevated temperatures, for example 45°C. (113°F.) and 
at relatively high current densities, such as 100 to 150 amperes per sq. ft. (10 to 15 
amp./dm.?). 

Present good practice of chromium plating in the automobile industry usually 
involves the deposition of Ni or successive layers of Cu and Ni with a total thickness of 
about 0.001 inch. The final nickel surface is buffed, and then a very thin coating of Cr 
(usually about 0.00002 inch) is applied. The undercoatings protect the steel against 
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corrosion, and the Cr protects the Ni against tarnish and maintains the desired aa 
J. BG: 


luster. 
Avacuum technic for the chemist. See this title, page 1127. 


HISTORICAL AND BIOGRAPHICAL 


The eightieth birthday of Richard Anschiitz. F. ReInDEL. Z. angew. Chem., 45, 
201-3 (Mar. 5, 1932)—Dr. Richard Anschiitz was born at Darmstadt on March 10, 
1852, as the son of the General Ludwig Anschiitz. After having graduated from high 
school in 1870 he at first studied engineering at the local Polytechnic Institute. Soon he 
became interested in chemistry. From 1872-74 he was a student of Bunsen, Kopp, and 
Kirchhoff. After his graduation in 1874 he worked for one year as assistant to Fittig 
at Tiibingen. Then he became lecture assistant to Kekulé at Bonn. In 1878 he re- 
ceived an appointment at Bonn and in 1898 he was asked to take the chair left by 
Kekulé. For the next 25 years he continued in that school until on March 31, 1921, he 
was relieved from his official duties by being appointed professor emeritus. 

He is the author of more than 200 publications, most of which represent original 
experimental research work. One of his first contributions dealt with the problem of the 
isomerism of maleic and fumaric acids which he explained to be due to wei ieee 

H.COOH 


isomerism. He agreed with the then accepted formula of fumaric acid cl but 
H.COOH 


OH 
proposed CH.CE for the formula of maleic acid. Nowadays it is believed that 
OH 


O 


CH.CO 

maleic acid is an equilibrium mixture of this lactone formula and the open dicarbonic 
acid formula. A second problem which he investigated for a number of years dealt with 
the action of phosphorus pentachloride on salicylic acid, which led to many contradictory 
results. Many of his research investigations were closely allied with practical life. His 
book: “‘Die Distillation unter vermindertem Druck”’ (Distillation under Diminished 
Pressure) is still being used to a large extent. He also contributed to our knowledge of 
the history of chemistry. His masterly biography of his teacher, “August Kekulé,” 
which he published in 1929 is admirably written. We are also indebted to him for his 
editing and continuous publication of the ‘‘Textbook of Organic Chemistry” by V. v. 
Richter. L.-S. 

Goethe and science. A.C. CHANDLER. Rice Inst. Pamphlet, 19, 129-47 (Apr., 
1932).—This is one of a series of lay lectures delivered at the Rice Institute. It is a 
review of Goethe’s little known contributions to science. B.D: tT. 

The beginnings of analytical chemistry. F.A.Fmsy. Chem. News, 144, 129-34 
(Feb. 26, 1932).—The author describes the origin of a number of the ordinary tests that 
are used for metals and acids, and shows that they may go back for hundreds of years 
The following indicates that qualitative analysis has many points of historical interest: 
dry tests such as the flame and bead tests, and heating on charcoal or in a tube all owe 
their origin to a period before 1790. A spectroscopic examination would go back to the 
days of Kirchhoff and Bunsen. Thenard in 1813 gave a series of tests which should be 
applied to gases if evolved in the examination: (1) Test with lighted taper, if inflam- 
mable, note color of flame, and smell. (2) Pass into a solution of potassa and test the 
resulting solution for chlorides (bromides and iodides later). (3) Does it fume in air. 
(4) Test with litmus paper (Boyle). (5) Turmeric (for ammonia, due to Bergman, 
though turmeric was known as an indicator even to Boyle). (6) Bleaching effects. 
(7) Glowing splint (Priestley, Scheele, and Lavoisier). Agricola states that a solid should 
first be broken up with a hammer, then ground in a mortar, and its solubility tested in 
various acids. He used vinegar, but Boerhaave and Neumann treated it with acids and 
then alkalies. If these failed Klaproth fused the material with alkalies in order to make 
it soluble. One of the first methods of group analysis was drawn up by Thenard and the 
present system is simply the result of observations, many of which date back more than 
one hundred years. The ideas underlying volumetric analysis we owe to Richter (1792) 
who investigated the weights of acids which could be neutralized by various bases. 
Descrozilles and Vauquelin adapted the method for using volumes and standard solu- 
tions—the basis of ordinary volumetric analysis. Gay-Lussac introduced the pipet, 
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and the buret as we now use it is due to Mohr. The permanganate cama is due to 
Marguerite and the iodine and sulfurous acid methods to Bunsen. F. B. D. 

On the early history of calcium acid phosphate and the decomposition of bones with 
acids. (In German.) M. Sperer. Chem. Weekblad, 29, 74-6, 153-4(1932).—This 
article describes the earliest preparation of phosphoric acid and of calcium monophos- 
phate by the solution of bones in sulfuric acid. This was due to the work of Gahn and of 
Scheele who communicated their results in a letter written to F. Rothburg in 1774. 

Through a description in the Medical News of Edinburgh in 1775 furnished by Dr. 
Henry Gahn, a brother of J. G. Gahn, the method for obtaining phosphoric acid from 
bones by the action of oil of vitriol was set forth, and it was this article which doubtless 
gave general publicity in England and on the continent to this source of phosphorus. 
The first suggestion to use human bones as a source of phosphorus was in Crell’s Journal 
in 1778. 

Other investigations followed and without question our knowledge of the acid 
phosphate of calcium goes back to the Swedish chemists whose work was followed up by 
many investigators, among whom were Fourcroy and Vauquelin in France in 1797 and 
George Pearson in London in 1792. Thus the essential idea of superphosphates dates 
long before the days of Laws (1842) and Murray (1841). Bs Bub. 

Magnetism from the electric current. ‘A classic of science.”? (Translation of 
JoHN CHRISTIAN OERSTED’S Annals of Philosophy paper.) Sci. News Letter, 21, 118-9 
(Feb. 20, 1932).—The article is a reprint of a translation of the original which was 
written in Latin and published in Annals of Philosophy, volume XVI, number IV for 
October, 1820. 

After an account of his first demonstrations before his classes he relates his repeti- 
tion of those experiments before a more critical audience of scientists who are named. 
Of interest to chemists is his account of his battery which “‘consists of 20 copper troughs; 
the length and height of each of which was 12 inches. Every trough is supplied with 
two plates of copper, so bent that they could carry a copper rod, which supports the zinc 
plate in the water of the next trough. The water of the troughs contained !/goth of its 
weight of sulfuric acid and an equal quantity of nitric acid.’’ The author instead of 
speaking of the magnetic field induced about the conductor by the movement of elec- 
tricity through it calls ‘“‘the effect which takes place in this conductor and in the sur- 
rounding space’ by the name “‘conflict of electricity.’’ Not only are the effects of the 
“conflict of electricity’? upon the needle tested for various positions of the needle about 
the wire but various interposing media between the wire and needle such as glass, 
metals, wood, water, etc., are tried; various sorts of conducting solids for the electric 
current are experimented upon as well as needles of brass, glass, etc., not magnetized of 
course, are tested. Be Coe. 

ons in our food economy. -(Reprint of W. O. ATWATER’s government bulletin.) 
Sci. News Letter, 21, 130-1 (Feb. 27, 1932); “A classic of science.” (U.S. Dept. of 
Agr. Bull., No. 21. )—-People are apt to make several errors in the buying and using of 
their foods. (1) Many people purchase needlessly expensive kinds of food, doing this 
under the false impression that there is some peculiar virtue in the costlier materials and 
that economy in their diet is somehow detrimental to their dignity or welfare. Often 
those who are most extravagant in this respect can least afford it. For example, many 
of the cheaper cuts of meats are just as nutritive as the most expensive. (2) Consump- 
tion of too much of the fuel ingredients (fats and carbohydrates) in relation to the flesh- 
forming foods (lean meat). (3) The use of needless quantities of foods. (4) Waste of 
food during preparation, and loss due to bad cooking. BF, 5. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


The teaching of chemistry in the high school. J. H. Carp. Rept. New Eng. 
Assoc. Chem. Teachers, 33, 93-7 (Mar., 1932).—Application of the electronic theory in 
the writing of chemical equations. What causes the red glow when 7 grains of fine iron 
dust and 4 grains of powdered sulfur combine? When iron and sulfur unite, energy in 
the form of light and heat is given off; therefore, this energy must have come from the 
original iron and sulfur which contained more energy than the product formed, the 
amount being that given off in the uniting of the two elements. Iron is electrically 
neutral or has a valence of zero and in the process is oxidized so as to have its valence 
increased to two plus by losing two electrons to the sulfur. The sulfur is electrically 
neutral or has a valence of zero and is reduced to a valence of minus two by taking on the 
electrons from the iron. 
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Gain in valence 
Loss of electrons 
Oxidation 


° + S° —> Fe?+s?- +A (A = Heat) 
ciepianinnidansdacadaial 





Loss in valence 
Gain of electrons 
Reduction. 


Several other experiments given. OG 
Methods of teaching chemistry. E. B. Ammipown. Rept. New Eng. Assoc. 
Chem. Teachers, 33, 85-8 (Mar., 1932).—-Experience seems to indicate that the useful- 
ness of the knowledge which a high-school chemistry pupil acquires varies according to 
the methods by which the knowledge is obtained. An analysis of methods used results 
in the formulation of a large number of questions; a few of which are suggested in the 
article. ou; 
Individualized work in science. R. C. TREASHER. Wash. Educ. J., 11, 190-1 
(Mar., 1932).—This article describes an attempt to allow the pupil to progress at a rate 
consistent with his ability. Data are given on classes in general science. Work in the 
class is divided into units, and a work sheet prepared covering the assignment. The 
pupil answers questions on the work sheet, and when the answers are satisfactory, is 
eligible for advanced work additional to that required for all students. Self tests allow 
the student to rate his own performance. Data given graphically show very good re- 
sults from the plan. B.D. F. 
Lecture demonstrations with a purpose. Epit. Chem. Bull., 19,42 (Feb., 1932).— 
‘A great artist always stresses the picture, not the frame.”” Lecture experiments should 
be selected on the basis of simplicity and bearing on the subject under discussion. The 
spectacular experiment should be avoided for often it is the only thing about the lecture 
that the student remembers. pe ed ideal > 
Teaching the more intelligent pupil. C. W. Bose. Neb. Educ. J., 12, 77 (Feb., 
1932).—A brighter pupil in a class of duller pupils will be retarded unless special atten- 
tion is given him. In our present system it often happens that the bright pupil is neg- 
lected in an effort to aid the dullards on the assumption that the brighter are more able 
to solve their own problems. Such treatment often leads such pupils into habits of 
shiftlessness and idleness. B.C. 


EDUCATIONAL MEASUREMENTS AND DATA 


The psychology of the learning processes at the higher levels. C.H.Jupp. Bull. 
Am. Assoc. Univ. Prof., 18, 109-18 (Feb., 1932).—Psychology has aided schools below 
the college level in their organization and instructional activities. While in some 
respects the psychology of learning for college students may be the same as that of the 
elementary school child, on the other hand it is probable that some of the learning proc- 
esses undergo significant changes with the maturing of the student. Records show that 
maturing in one or more mental processes may not safely be an index of concomitant 
maturity of all. Particularly is this true with reading habits. For instance, failures in 
college science have been, in a surprising number of instances, shown to be due directly 
to lack of ability in reading. Many science teachers have implicitly assumed that the 
important objectives of science teaching were so closely correlated with information that 
an information test would measure the achievement of other objectives as well as that of 
facts and principles. Professor Ralph Tyler of Ohio State University has shown the 
correlation of achievement in information in zoélogy to ability to infer in zodlogy to be as 
low as 0.29. There are, it seems, at least two kinds of learning in science. May there 
be still others? Other studies are cited which indicate that attention to methods of 
study, methods of class work, methods of testing are important factors in determining 
college student success. College teachers are not as a rule given to experimentation with 
their classes in teaching or learning processes. In fact, they are very likely to look with 
disfavor upon any departure from the traditional in such matters. Their antagonism to 
large classes and decreased laboratory work in the sciences are cases in illustration of this. 
Recognizing this fact the author suggests the need that such studies should be attempted 
for them by such organizations as the American Association of University ee 
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PROFESSIONAL 


A chemist at Oxford. J.S. CHAMBERLAIN. Rept. New Eng. Assoc. Chem. Teach- 
ers, 33, 88-91 (Mar., 1932) —Why does a chemist go to Oxford on his sabbatical? With 
a group of some fourteen modern laboratory buildings, Oxford does not fail to stand in 
the front rank of modern scientific research institutions. Of course a chemist always 
picks out a place to work where there is a particular man who is carrying on research on 
subjects of special interest. A sabbatical leave of absence may be spent in a way to 
give a maximum of rest and recreation and at the same time allow opportunity for much 
good hard work. OG 








mn 
ae) 








Chemistry in the Service of Man. ALrEx- 
ANDER FINDLAY, Professor of Chemistry, 
University of Aberdeen, Scotland, 
Fourth edition. Longmans, Green and 
Co., New York City, 1932. xviii + 
355 pp. 74 Figs. 12.6 X 18.5 cm. 
$2.50. 


The author’s original publication under 
this title, issued in 1916, was based upon 
a series of lectures which were delivered 
before the United Free Church College, 
Aberdeen. Their purpose was to present 
in a non-technical fashion the general 
principles of chemistry, as well as its in- 
dustrial applications and its contribu- 
tions to the well-being and uplift of man- 
kind. The fact that in the short period 
of its existence four editions of this book 
have been demanded is in itself unmis- 
takable evidence that the author has suc- 
ceeded admirably in producing a book 
which is attractive, accurate, and popular. 

The present edition has been carefully 
revised and brought down to date; many 
illustrations have been added for the 
purpose of assisting the reader to visualize 
the practical applications of chemistry. 
The introductory chapter summarizes a 
few of the notions of alchemy and gives 
a brief introduction to the fundamental 
theories of the modern science. There 
follow chapters devoted to (II) Radio- 
activity and Atomic Structure; (III) 
Gases of the Atmosphere; (IV) Combus- 
tion and Fire; (V) Fuels and Illuminants; 
(VI) Matter, Energy, Explosives; (VII) 
Cellulose; (VIII) Metals; (IX) Velocity 
of Reactions and Catalysis; (X) Ferti- 
lizers; (XI) Glass, Soda, Soap, and Lime; 
(XII) Electricity and Chemistry; (XIII) 
Colloids; (XIV) Molecular Structure; 
(XV) Synthetic Chemistry; and (XVI) 
Fermentation and Enzymes. 

The book is fully up to the high standard 
for which the author is noted. The lan- 
guage is non-technical, the descriptions are 
vivid, the style is fascinating and the 


illustrations are well chosen and for the 
most part well reproduced. The author 
has made a real contribution to the library 
of popular chemistry. The book will 
serve either as a source of information 
to the inquiring reader or as a textbook 
in a brief cultural survey of modern chem- 
istry and its contributions to life. 
B. S. Hopkins 


UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 


The Law of Patents for Chemists. JosEPH 
RossMAN, Ph.D., M.P.L., LL.B., B.S. 
in Chem. Eng., Patent Examiner, U. S. 
Patent Office, Member of the Bar of the 
U.S. Court of Customs and Patent Ap- 
peals and the U. S. Supreme Court, 
Editor of the Journal of the Patent Office 
Society. The Inventors Publishing 
Company, Washington, D. C., 1982. 
xi + 304 pp. 21 X 14 cm. $3.50. 


Every research chemist who is not 
already well informed in patent law should 
have a copy of this book. 

The chemist is a prolific inventor. As 
the author points out, the number of 
applications awaiting action in the eight 
chemical divisions of the Patent Office 
on April 25, 1931, was 17,058 or ap- 
proximately 18% of all pending applica- 
tions. Sooner or later, the successful re- 
search chemist finds that he should be in- 
formed on the subject of patents and may 
wonder that he was not given an intro- 
duction to the subject while in college. 

The author presents the technical sub- 
ject of patent law in language which can 
be comprehended by chemists without 
legal training. 

After discussing the value of patents 
to chemists, the relative desirability of 
patenting an invention or practicing it 
in secret, the effect of prior publication 
upon patentability, and several exam- 
ples of chemical patents, the author de- 
votes considerable space to the more 
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technical features of patent law. Thus, 
there is a relatively long chapter on what 
constitutes invention. This is followed 
by chapters on the preparation and prose- 
cution of applications, the essentials of a 
valid patent, and patent rights and their 
enforcement. There is a discussion of 
proper methods of keeping invention 
records. Finally, there is a glossary of 17 
pages of definitions of terms frequently 
used in patent practice. 

The book is clearly and interestingly 
written. Numerous decisions and authori- 
ties are quoted at appropriate places. 
The author neither attempts to im- 
prove upon the language of the Supreme 
Court, for example, nor quotes decisions 
in a disconnected manner. Thus, he 
avoids two errors that are common in 
works of this kind and gives an orderly 
and logical presentation containing re- 
views of numerous cases to illustrate im- 
portant points. 

The chapter dealing particularly with 
the enforcement of patent rights is some- 
what more brief than its importance 
would justify. Thus, there is no mention 
of the important matter of limiting dis- 
claimers, by which the scope of a claim 
may be limited without its being dis- 
claimed as a whole. 

It is a pleasure to record that one who 
is so eminently qualified has presented a 
work that is worthy of him. 

ROBERT CALVERT 


292 MapIson AVENUE 
New York, N. Y. 


Construction of a Diagnostic Test in the 
Mechanics and Related Fundamentals 
of High-School Chemistry. Josrepu E. 


Maun. Williams Bros., Philadelphia, 
Penna., 1932. 261 pp. 15 X 23 cm. 
$1.50. 


This study of the ‘‘mechanics and re- 
lated fundamentals of high-school chem- 
istry” is confined to the “principle of 
valence; principle of writing formulas; 
principle of writing equations; principle 
of solving numerical chemistry problems; 
laws and theories directly related to the 
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aforementioned principles; and the prop- 
erties of gases.”’ 

The author selected a body of test ma- 
terial to be used in diagnosing the difficul- 
ties met by high-school students in their 
study of the features of these “princi- 
ples” that are treated in the texts used 
in high-school classes. In the selection 
of the items of the test, the author was 
guided by “‘the criterion of extrinsic use, 
criterion of errors, a composite of text- 
books, a composite of requirements in 
courses of study, a composite of teachers’ 
examinations, and the judgment of ex- 
perts.”” The results of analysis of texts, 
laboratory manuals, and examinations, 
are given in detail. The results of the 
analysis were then submitted to chemis- 
try teachers to determine the extent to 
which the items selected by analysis were 
actually used by classroom teachers. 
Two tests were constructed, each of 50 
items, and used with a large number 
of students. The tests were used twice 
during the year, but not with the same 
students—once near the middle of the 
school year and once at the end of the 
school year. The results from the ex- 
aminations were analyzed and tabulated 
to show in detail the types of errors that 
were made. The original tests were re- 
vised on the basis of the results obtained 
from the analysis and printed as Forms 
X and Y. 

The tabulations show in considerable 
detail the types of errors made by high- 
school students. These errors suggest the 
kinds of difficulties encountered in study, 
and may therefore serve to guide teachers 
in applying remedial measures. 

This reviewer feels some concern about 
the emphasis on “mechanics” in this and 
some other work that has been reported. 
Teachers who use this work should not 
conclude that equations and formulas 
should’ be learned in chemistry in the 
same way that spelling and multiplica- 
tion are learned. Students should use 
chemical equations to describe chemical 
changes that they have studied and not 
as a sequence of symbols to be memorized. 
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Emphasis on mechanics may have led 
the author to select some items for his 
tests that were more satisfactory from 
the standpoint of “‘mechanics’” than from 
the standpoint of chemistry. In item 18 
of Form A the student is expected to 
write that aluminum hydroxide is formed 
from action of sodium hydroxide on alumi- 
num chloride. Under ordinary condi- 
tions the product from this equation is 
sodium aluminate. In another item the 
student is asked to write the formula for 
sodium oxide as Na,O. This is not an 
error but it brings in an unusual com- 
pound. These illustrate the types of 
situations that so frequently develop in 
chemistry when too much emphasis is 
given to ‘“‘mechanics.”’ 

This investigator has done a careful and 
extensive study of the errors that pupils 
make and the information in his report 
has much of value for high-school teachers 
of chemistry. 

S. RALPH POWERS 


TEACHERS COLLEGE 
New York City 


The Glycosides. E. F. ARMSTRONG, D.Sc., 
Ph.D., LL.D., F.R.S., and K. F. Arm- 
STRONG, B.A., B.Sc. Longmans, Green 
and Co., New York City, 1931. vii 
+ 123 pp. 15.5 X 24 cm. $4.25. 


This newest addition to the series of 
monographs on biochemistry, edited by 
R. H. A. Plimmer and F. G. Hopkins, 
should perhaps be entitled ‘‘The Natural 
Glycosides,’”’ for even the chapter on 
synthesis is concerned with this phase 
of the more general subject. Following 
a chapter which is devoted to a discussion 
of the origins of the sugars and glycosides, 
there is a detailed description of the oc- 
currence, properties, and structure of the 
various natural glycosides. These are di- 
vided by the authors into groups entitled 
Phenols, Hydroxyanthraquinones, and Hy- 
droxycoumarins; Anthoxanthins and An- 
thocyanins; Digitalis, Strophanthin, Sa- 
ponin; Mustard Oils, Cyanophoric Glyco- 
sides, Nucleosides, Indican, Pentosides. 
A chapter is devoted to the methods which 
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have been evolved for the synthesis of 
glycosides (including both chemical and 
enzyme syntheses), and another chapter 
to the uronic acids, including the pectins. 
Final chapters discuss the function of 
glycosides in plants and the utilization 
of carbohydrates in plants. A complete 
bibliography is appended. 

Considering the field which is covered 
by this monograph the authors have pro- 
duced an extremely comprehensive vol- 
ume. The book is well arranged, and 
the many formulas which are included 
are valuable, particularly to one not thor- 
oughly familiar with the field, for clarity 
both of structure and of nomenclature. 

It may be remarked that certain of the 
opinions expressed in Chapter I appear 
to be open to question. Furthermore, 
the final chapter on utilization of carbo- 
hydrates in plants, though interesting, 
seems to have but little relation to the 
rest of the material. 

The field covered is so specialized that 
the monograph is probably not adapted 
for use as a textbook, but as a reference 
work it should prove extremely valuable. 

A. L. RAYMOND 


THE ROCKEFELLER INSTITUTE 
FOR MEDICAL RESEARCH 
New York City 


Annual Reports on the Progress of Chem- 
istry, 1931. Volume XXVIII. The 
Chemical Society, London, England. 
Richard Clay & Sons, Ltd., Bungay, 
Suffolk, England, 1932. xii + 443 pp. 
13.5 X 20.5 em. 


This volume is quite similar to its 
predecessors and presents an international 
view of the progress of theoretical chem- 
istry in the specific fields of which it treats. 
It contains the following reports: 


General and Physical Chemistry. By 
C. N. HINSHELWOOD. 

Inorganic Chemistry. By H. Bassett. 
Organic Chemistry: 

Part I. Aliphatic Division. By E. 
H. FARMER. 

Part II. Homocyclic Division. By 
G. M. BENNETT AND J. W. BAKER. 
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Part III. Heterocyclic Division. 

By S. G. P. PLant. 

Analytical Chemistry. By J. J. Fox. 

Biochemistry. By A. G. POLLARD. 

Crystallography. (1930-31.) By J. D. 
BERNAL AND W. A. WOOSTER. 

Colloid Chemistry. By W.T. AstBury, 
D. C. Henry, E. K. Rmeat, Ann R. K. 
SCHOFIELD. 

The Structure of Simple Molecules. By 
N. V. SmGwIick AND E. J. BowEn. 

The last three topics have been substi- 
tuted, respectively, for Geochemistry, 
Radioactivity, and Subatomic Phenomena 
(1930-31), and Electrical Conductivity of 
Solutions, which appeared in Volume 
XXVII. M. W. G. 


MISCELLANEOUS PUBLICATIONS 


Apparatus for Electrical Resistance Meas- 
Catalog No. 40. Leeds & 


urements. 
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Northrup Co., 4901 Stenton Ave., Phila- 
delphia, Penna., 1932. 32 pp. 19.5 X 
27 cm. Gratis. 


The types of apparatus described in this 
catalog include standard resistors, resis- 
tance boxes, " Wheatstone bridges, cali- 
brated slidewires, Kelvin Bridges, insula- 
tion resistance sets, individual resistors and 
plugs, galvanometers, reading devices, and 
galvanometers. 


Record of Current Educational Publica- 
tions, October-December, 1931. U.S. 
Dept. Interior, Bulletin No. 4, 1982. 
U. S. Govt. Printing Office, Washington, 
D. C: 143 pp. . 15° X 28 cm. Wor 
sale by the Superintendent of Docu- 
ments, Washington, D. C.) $0.10. 














